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PREAMBLE 
A great deal of research has been done on the toxic effects of industrial wastes which 
revealed that the most abundant pollutants in the effluents of industries are noxious heavy 
metals. Extensive research has been conducted on heavy metal contamination in soils from 
various anthropogenic sources such as industrial (Haines and Pocock, 1980; Culbard et al, 
1983), automobile emissions (Fergusson et al, 1980), mining activity (Culbard and Johnson, 
1984) and agricultural practices (Colboum and Thornton, 1978). 
Different aspects of heavy metal toxicities towards microorganisms and microbially 
mediated processes in soil as well as on the plants have been reviewed (Tyler, 1981; Domsch, 
1984; Doelman, 1986). 
Generalizations regarding the effects of industrial wastes on soil microorganisms, 
especially nitrogen fixers like Rhizobium and Azotobacter are difficult because so many factors 
affect the response. However, when a susceptible microbial population is exposed to toxic 
metals, adverse effects on that population are bound to occur thus disrupting the balance in the 
ecosystem. On the other hand, the system tends to cope up the hazardous effects of obnoxious 
agents by means of developing tolerance against the negative effects of environmental pollutants. 
Hence, the whole process recreates a new ecosystem completely different from that prevailing 
before or during the transition stages. 
We have, therefore, initiated the investigation on the toxic effects of heavy metals with a 
view of the multifaceted nature of the problem. Significance of present work would be more 
obvious in the light of following facts: 
Land application of industrial wastes is considered to be the most advantageous method 
for disposal. Now a days, a serious attention is being paid to the heavy metal content of effluents 
before its land application as the heavy metals are persistent in the soil and would be adversely 
affecting the plant growth and crop productivity. 
XI 
Aligarh city is famous for lock manufacturing factories. Hundreds of small and large 
scale factories are supposed to spill tremendous amount of heavy metals into the sewage in the 
form of industrial effluents (Ajmal et al, 1980; Malik and Ahmad, 1995). 
Our contention was to initiate the preliminary work on the heavy metal pollution arising 
out of the lock manufacturing factories. The effects of heavy metals on the microbial ecosystem 
can be best described in terms of the toxicity of metals to microorganisms. An economically 
important component in diverse types of agriculturally important microorganisms are symbiotic 
and non-symbiotic nitrogen fixers viz. slow and fast growing rhizobia and Azotobacter as the 
most important microsymbiont and rhizosphere bacteria. This study was, therefore, initiated to 
evaluate the toxic effects of metals on nitrogen fixers and plants simultaneously as well as 
separately. It was also hoped to gain an insight into the heavy metal resistance pattern developed 
in the rhizosphere microflora in the metal treated soil of the test region. 
In the first chapter of the thesis, review of literature is presented to become acqiminted 
with the latest trends in the field of heavy metal toxicity and resistance. 
Second chapter describes the general materials and methods like sampling sites, isolation 
of bacteria, composition of media and buffers etc. 
The next chapter incorporates the quantitative determination of heavy metals and 
microbial flora viz. TBC, TFC, TAC and total actinomycetes count of the sampling sites. 
Fourth chapter deals with the heavy metal toxicity to nitrogen fixers and their association 
with plants under heavy metal stress. 
The data of heavy metal resistance, antibiotic resistance, R-plasmid isolation and curing 
have been presented in fifth chapter. 
The last chapter is devoted to general discussion and conclusion drawn from the 
experimental data. The bibliography have been documented in the end. 
CAapten- J 
!Reiueiu of £ite^uttwie 
Pollution implies any increase in the concentration of matter or energy generated by 
human activity which degrades a living community or its abiotic environment. Factory 
effluents, release of gases into the atmosphere, toxic chemicals and pesticides lead to 
pollution on a global scale. 
Pollutants are generally classified as: 
1. Biodegradable 
2. Non-biodegradable 
Biodegradable pollutants consist of sewage effluents and organic matter that are 
readily decomposed under normal circumstances. Non-biodegradable substances are those 
which are not degraded by microorganisms e.g. heavy metals, plastics and xenobiotics such 
as pesticides, detergents and others. Fast urbanization and industrialization has resulted in 
the tremendous release of xenobiotic compounds into the environment. Large quantities of 
highly toxic chemicals emitted by industries are generally used in India for enhanced 
agricultural productivity (Vishwanathan, 1985). 
Heavy metal pollution 
Industrial wastes are a major source of environmental pollution and originate from 
mining industries, chemical industries, metal processing industries and others (Table I). 
These wastes include chemicals ranging from heavy metals to synthetic compounds. Heavy 
metals released as toxic effluents from smelters are deposited into nearby ecosystem 
(Arnesen et ai, 1995; Mankovska and Steinnes, 1995; Wilcke el al, 1996) and are linked 
with health hazards (Fig. 1). These include As, Cu, Mg, Ni, Cr, Pb, Zn, Cd. These are called 
heavy metals because in their metallic form, their densities are greater than 4g/cc. It has 
also been reported that heavy metals have deleterious effect on microorganisms (Gadd and 
Griffiths, 1978), plants (Ichikura et ai. 1970) and animals (Eisler and Hennekey, 1977). 
^^x^eavy metal pollution in soil 
Land application is considered to be the most advantageous method for sludge as 
well as industrial disposal from both economic and environmental point of view (Davis, 
1986). This practice has raised concern to the effect of effluent and sludge on soil 
microorganisms e.g. those involved in the biocycling of elements such as carbon, nitrogen 
and sulphur. Heavy metals discharged from industries, mines, smelters etc. are scarcely 
washed out from soils due to the strong binding force of soil components such as humus, 
clay and hydrated sesquioxides, and as a result of this, the biological systems in soil are 
threatened by increasingly higher concentration of heavy metals (Tyler, 1972). In addition, 
pollutants also affect complex microbial interactions such as parasitism (e.g. bacteriophage-
host bacterium) and mutualism (e.g. Rhizobium - leguminous plants). Inorganic heavy 
metal pollutants that occur as water soluble salts and hence are available for uptake by the 
microbiota may exert greater toxicities than water insoluble forms of the same pollutants 
(Babich and Stotzky, 1980). 
Effect of heavy metals on soil microbial biomass 
The maintenance of soil fertility depends on the activity of the soil microbial 
biomass (De Haan et ai, 1989), a small fraction of soil organic matter (1-3%) which is of 
fundamental importance in the biological cycles of all major plant nutrients (Jenkinson and 
Ladd, 1981). Abiotic stress caused by the addition of heavy metals in inorganic and organic 
form affects the growth, morphology and metabolism of microorganisms in soils, through 
functional disturbance, protein denaturation or destruction of the integrity of cell 
membranes. Soil pollution by heavy metals can reduce the size and activity of the microbial 
biomass. Soil microbial biomass as measured by chloroform fumigation was much less in 
sludge amended soils than in comparable soils amended with manures, presumably due to 
the heavy metal content of the sewage sludge (Brookes and McGrath, 1984; Nannipieri 
et ai, 1990; Chander and Brookes, 1993). The soil microbial biomass mediates the 
biochemical process occuring in soils and also acts as a reservoir of labile plant nutrients 
(McGill et ai, 1975; Marumoto et ai, 1982; Brookes et ai, 1984; Jenkinson, 1990). 
Nevertheless, the microbial biomass has been considered a sensitive and useful indicator of 
metal pollution (McGrath, 1994). The minimum concentration of Cd and Zn in soil which 
negatively affected the soil microbial biomass at Wobum were 6.0 mg Cd kg'' and 180.0 mg 
Zn kg"' (McGrath et ai, 1994). Reductions in the size of the soil microbial biomass has also 
been reported in sludge treated soils rich in Cd (Stark and Lee, 1988). The microbial 
biomass carbon decreased sharply in soil contaminated with Zn whereas the addition of Pb 
did not have any significant inhibitory effect on the level of microbial biomass carbon, 
however, the microbially mediated processes might be a key factor to consider in predicting 
toxicological effects of heavy metal pollution in soil (Leita et ai, 1995). 
Effect of heavy metals on microbial population 
Heavy metals are toxic to all organisms if present in high concentrations. Heavy 
metal exposure has, since the last century, been known to affect microbial growth and 
survival. Bond et al. (1976) found no effect on colony forming units (CPUs) for bacteria 
and flingi after addition of 10 ^g Cd g'' to douglas fir forest litter microcosms, where a 
decrease in soil respiration rate was evident. However, Freedman and Hutchinson (1980) 
did find a decrease in fungal colony forming units (CPUs) near the Sudbury smelter. 
Nordgren et al. (1986) found colony forming units (CPUs) of bacteria capable of degrading 
maltose, arabinose, cellobiose, pectin, xylose, chitin, starch, cellulose or xylan to be a more 
sensitive indicator of the pollution level around the mill at Ronnskar compared to soil 
respiration rate or urease and phosphatase activities. Heavy metals appear to induce a shift 
towards more gram negative bacteria compared to gram positive. Thus, Doelman and 
Haanstra (1979) found more gram negative bacteria tolerant to lead, and Barkay et al. 
(1985) found more Pseudomonas spp. in sludge amended soils with increased levels of Cd. 
Similar trends in soils to Cd, Co, Cu, Hg, Ni, Zn were found by Duxbury and Bicknell 
(1983). It has been known since the invention of the Bordeaux mixture that fungi are copper 
sensitive, and it has also been demonstrated that zinc in high concentration strongly affects 
the fungal community (Jordan and Lechevalier, 1975). 
Heavy metal pollution in India 
Various environmental problems due to heavy metal pollution in India have been 
reported (Chandra, 1980). A survey conducted in India in 1974 revealed that children were 
deformed because of heavy metal contamination in drinking water from the stream in 
Rajasthan. This was due to toxic effects of mercury and cadmium which cause paralysis and 
bring about damage to the bones (Kudesia, 1982). 
Application of sewage sludge on agricultural, arable fields for enhancing 
productivity has been a common practice in India for many years and has adverse long term 
effects on soil microorganisms. During the last decade, the toxicity of heavy metals to 
plants and microorganisms has drawn the attention of many environmental scientists 
because of the tendency of uptake of toxic metals and metalloids like Cd, Cu, Co, Ag, Ni, 
Pb, Zn, Fe etc by food crops and plants (Webber, 1972; Pike el a/., 1975; Bhowal et al., 
1987). A number of small and large scale industries in Aligarh are reported to spill large 
amount of heavy metals into the sewage in the form of industrial wastes (Ajmal et al., 1980). 
Nitrogen fixation 
Nitrogen fixation involving the conversion of nitrogen to ammonia is an important 
and a major chemical reaction in this planet. This unique property is restricted to some 
facultative enteric bacteria such as Klebsiella pneiinumiae, free living photosynthetic 
bacteria like Rhodohacter capsulatus, various species of the aerobic soil bacterium 
Azotobacter and root nodulating bacterium lUiizohium, and a number of free living and 
symbiotic genera of the unicellular and filamentous cyanobacteria. Biological nitrogen 
fixation is carried out by prokaryotes in either symbiotic or a free living form. 
The free living bacteria having the ability to fix molecular nitrogen can be 
distinguished into obligate aerobic, facultative aerobic and anaerobic organisms Obligate 
aerobic bacteria belong to the genera Azotobacter, Beijennckia, Derxia, Archromobacter, 
Mycobacterium, Arthrobacter and Bacillus. Among the facultative anaerobic bacteria are 
the genera Aerohacter, Klebsiella and Pseuclomunas Anaerobic nitrogen fixing bacteria are 
represented by the genera Clostridium, Chlorobium, Chromatium, Rhodomicrobium, 
Rhodopseudomonas, Rhodospirillium, Desulfovibrio and Methanobacterium. 
Azotobacter and its cultural characteristics 
Azotobacter is a free living soil inhabiting bacterium and since its discovery in 1901 
by Beijerinck, is considered to be useful to augment nitrogen need of the plants The cells 
are large ovoid about 1 5-2 0 ^m in diameter. These organisms are pleomorphic, ranging 
from rods to coccoid cells and occur singly in pairs or irregular clumps and sometimes in 
chains of varying length. The cells do not produce endospores but form cysts and stain gram 
negative. Resistance to desiccation in these bacteria is achieved by encystation where 
vegetative cell undergoes certain morphological and biochemical changes to form resting 
cysts which enables them to survive under deleterious conditions, particularly desiccation 
and are responsible for long term survival of these bacteria in soil (Eskew et al., 1977, 
Sadasivan and Ncyra, 1985) The motility occurs by pciitiichous ilagella, or cells arc non 
motile Cells are aerobic, but can also grow under decreased oxygen tensions Water 
soluble and water insoluble pigments are produced by some strains of all species. On 
nitrogen free medium, Azotobacter chroococcum produces a non diffusible brown black 
pigment, which is medium dependent. The cells are chemoorganotrophic using sugars, 
alcohols and salts of organic acids for growth. 
Biochemical reactions of Azotobacter: Cells are catalase positive, non proteolytic utilizing 
nitrate and ammonium salts (all but one species) and certain amino acids as source of 
nitrogen. The pH range for growth in the presence of combined nitrogen is 4.8 - 8.5 and the 
optimum pH for growth and nitrogen fixation is 7 - 7.5. All members of the genus initially 
produce turbidity in liquid culture, especially near the surface of an undisturbed medium. 
As the cultures age, a peUicle is formed. Gas is not produced from glucose. Positive 
oxidase and peroxidase reactions are given by some, but not all strains. Only A. paspali is 
always peroxidase negative. All species except A. armeniacus and A. paspali reduce nitrate 
to nitrite, but none denitrifies. H2S is produced from thiosulfate by representatives of all 
species except 4^. armeniacus. 
Response of plants to Azotobacter inoculation: In order to find out some alternative for 
fertilizer nitrogen economy, the use of diazotrophic bacteria has been evaluated. 
Azotobacter is a well known free living heterotrophic bacterium which plays a beneficial 
role in crop production. Trials conducted so far in India has indicated beneficial effect of 
seed bacterization with Azotobacter for various crops viz. wheat, maize, jowar, rice etc. 
Besides nitrogen fixation, the bacterium has been found to synthesize plant growth 
promoting substances like auxins, gibberelins and cytokinins and some antibiotic 
metabolites (Brown, 1972). Thus, this biofertiiizer on inoculation plays nutritional, 
stimulatory and therapeutic role for the benefit of plant growth It has also been found to 
initiate as well as improve the seed germination and promote well developed root system of 
the plants (Meshram and Shende, 1982). Thus the bacterized seeds or seedHngs have 
vigorous growth and can render the plant able to draw needed food from the soil in much 
better way than do the non-bacterized plants. 
Symbiotic nitrogen fixation 
A major factor in the ecological success of members of the plant family 
Leguminoseae is their ability to enter a beneficial relationship with soil bacteria of the 
genera Rhizobium, Bradyrhizobium, or Azorhizobium. In this association, the bacteria 
induce the plant to develop a new plant organ, the root nodule, within this nodule, the 
ecological niche required for fixation of atmospheric nitrogen by the bacteria is created, thus 
rendering the plant independent of soil nitrogen (Bergersen, 1982). All Rhizobium species 
are able to interact with one or a limited number of legume species (Table 2). Rhizobia 
attach to the roots of their host and cause a characteristic curling of the host's root hairs. 
The rhizobia then invade the plant by way of newly formed tube called the infection thread 
which grows from the root hair into the cortex. " Cells in the root cortex start to divide and 
form the nodule primordium. Infection thread enter individual primordium cells, and 
bacteria are released from the infection thread into the cytoplasm of the target cell. Bacteria 
then differentiate into bacteriods and begin to fix atmospheric nitrogen by the action of the 
enzyme nitrogenase, a process that is assisted by the morphology and physiology of the root 
nodule. Ammonia is transported from the bacteriods to the plant cytoplasm, where it is 
assimilated and then transported to other parts of the plant (Nap and Bisseling, 1990) Many 
of the Rhizobium genes required for nodulation are present on large sym plasmids (Johnston 
etal., I978;Hooykaase/a/., 1981; Djordjevic t;/a/., 1982). 
Rhizobium and its cultural characteristics 
Cells are rod shaped 0.5 - 0.9 x 1.2 - 3.0 ^m and colonies are circular, semi 
translucent, raised and mucilaginous usually 2 - 4 mm in diameter within 3-5 days on Yeast 
Extract Mannitol mineral salts agar. Pronounced turbidity develops after 2 or 3 days in 
agitated broth. Cells stain-gram negative, motility occurs by one polar or subpolar flagellum 
or two to six peritrichous flagella. Fimbriae have been described on a few strains. Optimum 
temperature for growth is 25-30"C and the optimum pH is 6-7. Growth on carbohydrate 
media is usually accompanied by copious extracellular polysaccharide slime. Cells are 
chemoorganotrophic, utilizing a wide range of carbohydrates and salts of organic acids as 
carbon sources. Cells are aerobic, possessing a respiratory type of metabolism with oxygen 
as the terminal electron acceptor often able to grow well under oxygen tensions less than 1.0 
Kpa (Bergey's manual, 1994). 
Biochemical reactions of Rhizobium: Cells are catalase positive and produce an acidic 
reaction in mineral salts medium containing mannitol or other carbohydrates. No gas 
formation occurs and cellulose and starch are not utilized by the cells. Peptone is poorly 
utilized and casein and agar are not hydrolyzed. Some strains require biotin or other water 
soluble vitamins and 3 ketoglycosides are not produced. 
Bradyrhizobiiim and its cultural characteristics / 
Colonies are circular, opaque, rarely translucent, white and convex and tend to be 
granular in texture. They do not exceed 1 mm in diameter within 5 - 7 days incubation on 
Yeast Extract Mannitol mineral salts agar. Colonies produced by some strains isolated from 
Lotonis hainesii are red because of intracellular pigmentation. Only a moderate turbidity 
develops after 3 - 5 days or longer in agitated broth. Growth on carbohydrate media is 
usually accompanied by extracellular polysaccharide slime. Cells stain gram negative and 
motility occurs by one polar or subpolar flagellum and are non spore forming. Some strains 
can grow chemolithotrophically in the presence of H2, CO2 and low levels of O2. Cells are 
aerobic possessing a respiratory type of metabolism with oxygen as the terminal electron 
acceptor. Optimum temperature for growth is 25-30"C and optimum pH is 6-7, although 
lower optima may be exhibited by strains from acid soils. 
Biociieniical reactions of Bradyrhizobium: Cells are catalase and oxidase positive and 
produce an alkaline reaction in mineral salts medium containing mannitol or many other 
carbohydrates. Peptone is poorly utilized by cells (except for strains isolated from Lotonis). 
Cellulose and starch are not utilized by the cells. They do not produce 3 ketolactose from 
lactose. There is usually no requirement for vitamins with the rare exception of biotin, 
which also may be inhibitory to some strains. 
Legume inoculation 
Legume inoculation provides a means for transporting superior symbiotic nitrogen 
fixing bacteria from the fermenter to the legume host in the field. Principles and practices of 
inoculant formulation and application have been given by various workers (Brockwell, 
1977; Burton, 1982; Somasegaran, 1991; Smith, 1992; Keyser el ai, 1992). There are 
several studies showing that the introduction of superior strains by massive inoculation or by 
inoculation with superior strains, prior to invasion of inferior strains, does increase crop 
yields (Fuhrmann and Vasilas, 1993; Streeter, 1994). Brockwell and Bottomley (1995) have 
recently analyzed the declining production of legume inoculants and provided some 
suggestions for improving the efficacy of inoculants and for manipulation of rhizobial 
populations in the soil. 
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Depending upon the agro climatic conditions and the variety of the host, significant 
increases in yield over control could be expected with Cajanus cajan, Cicer arietinum and 
Lens culinaris (Subba Rao, 1986). Enhanced production has also been reported with 
soybeans (Smith and del Rio Escurra, 1982; Smith, 1995; Fouilleux et al, 1996), beans 
(Barkdoll et al, 1983), alfalfa (Rice and Olsen, 1988), clover (Occumpaugh and Smith, 
1991) and faba beans (Dean and Clark, 1977). 
Effect of heavy metals on nitrogen fixing microorganisms 
Soil microorganisms are involved in many basic ecological processes and hence 
there is a need to evaluate pollutants for adverse effects on microbial population and on 
microbial plant interactions. Soil population of rhizobia have been reported to be sensitive 
to high concentrations of heavy metals (EL Aziz et al, 1991; Bayoumi, 1992) which results 
in decreased or complete suppression of nitrogen fixation in legumes (McGrath et al, 1988). 
Zn and Cu have been reported to reduce microbial activity in polluted soil (Brynhildsen and 
Rosswall, 1997). Sewage irrigation containing heavy metals alters the Azotobacter 
population to a great extent (Kehri and Chandra, 1993). Nitrogen fixation by free living 
heterotrophic bacteria was considerably reduced in Russian soils contaminated with Cu and 
Zn or Pb and Zn at various concentrations (Letunova et al, 1985). Strong sensitivity of 
heterotrophic nitrogen fixation activity to metals was also found in soils to which metal 
contaminated sewage sludge had been applied (Brookes et al, 1984; Skujins and Oden, 
1986, Martensson and Witter, 1990) 
Biological nitrogen fixation is a sensitive indicator of metal pollution (Coppola et al, 
1988, Smith, 1991) and may be a suitable bioindicator assessing the biological activity of 
soils In a study of phototrophic free living cyanobacteria, Brookes et al (1986) reported 
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that colonization of the soil surface was delayed and nitrogen fixation activity reduced to 
30% on soil treated with metal contaminated sewage sludge 
Symbiotic nitrogen is an important source of nitrogen to agricultural soils In 
particular, the white clover - Rhizobium symbiosis can supply as much as 200 kg N ha" Y' 
(Robson et al, 1989) Nitrogen fixation by white clover {Trifolium repens L) was 
completely absent on the sludge treated plots (McGrath et al., 1988) and yields of white 
clover were reduced by upto 60% compared with farm yard manure plots (MAFF/DOE, 
1993) due to toxic effects of metals on Rhizobium leguminosanim biovar trifolii Rhizobium 
isolated from the metal,contaminated soil was shown to be ineffective in nitrogen fixation 
with white clover (Giller et al, 1989; Chaudri et al, 1992). Turner et al. (1993) 
demonstrated that metals had no effect on rhizobial population in a sludged soil containing 
383 mg Zn kg"' and 1.3 mg Cd kg~' compared with an untreated control soil, whereas the 
number of effective rhizobia surviving decreased in another soil with 306 mg Zn kg"' and 
9 8 mg Cd kg"' A reduction in the number o^Rhizobium leguminosanim bv trifolii occurred 
in mixtures of sludge and farmyard manure treated soil containing as little as 3 4 mg Cd kg"' 
after laboratory incubation for 171 days (Giller et al., 1993) Obbard and Jones (1993) 
observed the presence of effective Rhizobium in metal contaminated soil using the most 
probable number method The minimum concentration of Zn in the low and high pH soils 
which reduced the population of R leguminosanim bv tnfolii were 130 mg kg"' and 
200 mg kg "' (McGrath et al, 1994) 
Different species of symbiotic nitrogen fixing organisms vary widely in their 
sensitivity to heavy metal contamination in soil Giller et al (1993) reported the greater 
tolerance of R meliloti to heavy metals compared with R legumwosarum bv tnfolii 
Bradyrhizobium japonicum (host plant soybean) tolerated five times the amount of Zn in an 
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artificial growth medium compared with strains of R. leguminosarum bv trifoUi (Angle et 
al, 1993). Toxicity of metals to plants and microbes depends on the chemical activities of 
metals in the soil solution. Ibekwe et al. (1998) found that Cd was more toxic to rhizobia 
and nodulation than Zn and reported that at the highest Cd^ * activity plants were killed 
within 48 hours due to metal toxicity and showed for the first time that toxicity of Zn and Cd 
was greater to plants than to rhizobia. 
^ / Phytotoxicity of heavy metals 
Industrial effluents used as land application often contain high concentration of 
phytotoxic elements and their use on land must be regulated to prevent food contamination 
(Page et al, 1987) as heavy metals are taken up by food crops growing in contaminated soil 
making them unsafe to eat ^ v i n e et al, 1989; Cooke and Andrews, 1990). Heavy metals 
dq)osited in soil are bound preferentially to interaggregate soil material, and accumulation 
preferentially occurs in parts of the soil where plant roots are concentrated and in forms 
easily accessible for plants (Wolfgang et al, 1998). Phytotoxicity of Cd, Ni, Cu and Zn has 
been reported in many crops (Huisingh, 1974). Metals at all levels tested, had an adverse 
effect on the dry weights of stems and foliage of soybean. Cadmium caused the most severe 
reductions followed in order by Ni, Cu and Zn (Stephen and Weidensaul, 1978). Therefore, 
the growth performance, either in terms of biomass yield or growth rate, provides a ready 
means of assessing intraspecific differences in the effects of metal treatment on plants 
(Baker and Walker, 1989). Other studies have shown that Pb and Cd reduce the nodule 
weight of soybeans grown in a sand vermiculite mixture and that high concentrations of 
various heavy metais reduce the nodule number on red dover (Trifolium pratense L.) grown 
in soils (Huang eial, 1974; Mcllveen and Cole, 1974). Nyamangara (1993) reported lack of 
phytotoxicity from the soils having high metal loading and attributed this to the complexing 
of the metals with organic matter which limited the concentration of bioavailable metals to 
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tolerable levels. However, if organic matter is allowed to decompose to very low levels the 
protective effect is lost and phytotoxicity may occur. Sewage sludge high in Zn and Cu is 
more suitable for predicting the bioavailability of the metals when applied to the field at 
high rates than spiking sludge with inorganic metals because the later overestimates the 
bioavailability of the metals (Nyamangara, 1998). 
Recommendations for the regulation of Zn, Cu and Ni in sludge amended 
agricultural soils were first established in the UK by Chumbley in 1971. These 
recommendations implied that the relative phytotoxic responses of Zn, Cu, Ni were additive. 
This approach was later criticized because other experimental work suggested that the 
toxicity to metals was not additive but acted independently for each element below the 
critical plant tissue concentration values (Beckett and Davis, 1982). Total Zn 
concentrations in soil which are necessary to give phytotoxicity vary between soils, because 
of differences in their pH and CEC (Sanders et al., 1987). 
No adverse effects on crop yields have been demonstrated for any level of chromium 
applied to soil in sewage sludge (Chaney, 1990). Chromium does not affect plant growth 
unless concentrations are very large (Smith et al., 1992). The concentration of Pb in 
ryegrass grown on a sludge treated soil was about 8 mg/kg for a soil containing approx. 
1760mgPbkg"V 
v/Metal uptake by plants 
Traces of toxic metals could enter the food chain fi"om the soil as a result of episodic 
events which contaminate the soil. Events such as disposal of massive quantities of 
industrial wastes on fields used for food and feed crops, the flooding of productive lands 
with contaminated waters (Brams and Anthony, 1983) or the deposition of radioactive 
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nucleotides from the disastrous nuclear core meltdown and explosion at Chernobyl (Science, 
1985) are examples of episodic events that have drastically altered the capacity of the soil to 
produce quality food and feed crops. Plants take up heavy metals from the soil solution via 
the roots (Ouzounidou et ai, 1995) The rate of uptake is related to transpiration and water 
transport from the soil into the root (Fahn, 1982, Hof 1984; Punz and Sieghardt, 1993) 
Copper can be bound to cation exchange sites on roots and the retention of copper is 
variable and it may also be leached from the roots (Larche, 1980, Marschner, 1986) Thus 
the rate of uptake by, and the concentration of the metal in a plant depends on 
environmental, physiological and biochemical factors. Roots showed higher Cu content 
than shoots because*they are the first organ to come into contact with it (Ouzounidou et ai, 
1992, Ouzounidou, 1994) 
Cadmium pollution is increasing in the environment due to mining, industrial usage 
and anthropogenic activity (Brummer, 1986; Jackson and Alloway, 1991; Tamaddon and 
Hogland, 1993, Merrington and Alloway, 1994, Groten and Vanbladeren, 1994) Cadmium 
released to the environment tends to concentrate in soils and sediments, where it is 
potentially available to rooted plants 
Utilization of sewage sludge as an agricultural fertilizer yields soils, and horticultural 
and silvicultural crops enriched in Cd (Wagner, 1993, Lamy et ai, 1993, Hooda and 
Alloway, 1994) Cd released to the environment enters biogeochemical cycle, gets 
bioconcentrated and may affect human health, eg Itai-itai is a disease caused by Cd 
contaminated rice in Japan (Rivai et ai, 1990) 
Studies of the potential bio-availability of heavy metals should consider the effect of 
the rhizosphere on soil solution This is because soil solution properties change during 
rhizosphere development, and the extent of this change vanes greatly among soils 
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Therefore the concentrations of Cd in plants were best predicted by Cd concentrations in 
rhizosphere soil solutions. Zn uptake is also affected by factors other than Zn concentrations 
in soil solution, including the large differences in the solubility of Zn among soils and 
possibly, the ability of the plants partly to control Zn uptake (Lorenz et al, 1997) Gavi el 
al. (1997) reported that the largest soil Cd and Zn contents were associated with high pH 
values but grain Cd and Zn were inversely related to soil Cd and Zn. Cd sorption and 
desorption processes are influenced by soil organic carbon and other components of the soil 
(Gray et al, 1998) and play an important role in Cd phytoavailability. Therefore to protect 
human heahh, the concentration of contaminants in food products must be controlled and in 
many countries maximum permissible concentration (MPC) have been set up by national 
health authorities (Evers, 1991; Tiller e? a/., 1997). 
Mechanism of metal tolerance in plants 
Varying levels of adaptation to toxic concentrations of heavy metals are ubiquitously 
found in all organisms. Possible mechanisms of metal tolerance in plants are: 
(a) Metal binding to the cell wall 
(b) Reduced transport across the cell membrane 
(c) Active efflux 
(d) Compartmentalization 
(e) Chelation 
Chelation and induction of metal binding complex, metal binding protein (MBC 
MBP) seems to be the most prevalent mechanism and a considerable amount of work has 
been done on this (Tomsett and Thurman, 1988, Ernst et al, 1992, Robinson et al, 1993) 
The capacity for metal accumulation or exclusion by plants was considered an important 
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strategy for adaptation (Huang e/a/., 1974; Cox and Hutchinson, 1981; Hendry e/a/., 1992). 
Resistance to heavy metals by plants could be achieved by two strategies: 
(i) Avoidance: by which a plant is protected externally from the influence of the stress 
(ii) Tolerance: by which a plant survives the effect of internal stress 
Tolerance to heavy metals is conferred by specific physiological mechanisms which 
collectively enable the plant to flinction normally even in the presence of high 
concentrations of potentially toxic elements. Mine spoils and soils contaminated with Cd 
show natural colonization by species which have involved strategies of avoidance or 
tolerance of metal toxicity (Kanerva et ai, 1988). 
Evolutionary processes mediating the selection of tolerant individuals and ecotypic 
differentiation of adapted population on metalliferous soils include: 
(a) Natural selection of tolerant genotypes 
(b) Constitutive tolerance 
(c) Inducible tolerance (Meharg, 1994) 
Plants adapted to metal contaminated ecosystems could be used as indicators for 
exploration of metals (Sarkela and Nuorteva, 1987), The likely phytoavailability and 
potential toxicity of Cd in soils like other trace metals is most probably controlled by 
sorption - desorption phenomena at soil colloid surfaces (Swift and McLaren, 1991) 
Microbial resistance to heavy metals and other pollutants 
Bacterial cells have co-existed with toxic heavy metals since the origin of life, 
perhaps 3 or 4 xlO^ years ago Sliver el al. (1989) postulated that the emergence of 
resistance to toxic metals is quite ancient and the genetic and biochemical mechanisms 
involved are likely to show common properties with those for essential cellular roles such as 
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growth, metabolism of energy and carbon sources and biosynthesis of essential nutrients. 
The possible mechanisms of resistance to toxic heavy metals exhibited by soil 
microorganisms Usted by Doelman (1986) are as follows: 
(1) An energy dependent efflux system that keeps the intracellular metal concentration 
low 
(2) Oxidation to less toxic compounds 
(3) Biosynthesis of intracellular polymers that serve as traps 
(4) B inding of metals to the cell surface 
(5) Precipitation at the cell surface 
(6) Biomethylation 
The major biotic factors that influence the sensitivity of microbes to pollutants are as 
under: 
1) Pigmentation e.g. pigmented fungal spores were more resistant to ozone than were 
non pigmented spores (Kuss, 1950; Hibben and Stotzky, 1969) 
2) Slime production e.g. capsulated strains o^Klebsiella aerogenes were more resistant 
to cadmium than were non capsulated strains (Bitton and Friehofer, 1978) 
3) Physiological age, e.g. young sclerotia from 2 to 3 weeks of age ofBotrytis cinerea, 
Rhizoctonia tuliparum, and Sclerotium delphinii were more sensitive to hydrogen 
sulphide (HjS), ammonia (NH3) and sulfur dioxide (SO2) than were sclerotia of 10 
weeks ofage 
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4) Nutritional state e.g. nonstarved cells of Saccharomyces ellipsoideus were more 
resistant to Cd than were carbon or nitrogen starved cells which in turn, were more 
resistant to Cd than were phosphorus starved cells (Nakamura, 1%1), and fasted 
cells of Euglena gracilis were more resistant to fumigations with formaldehyde or 
propionaldehyde than were non fasted cells (Dekoning and Jegier, 1970) 
5) Physiological adaptations e.g. Chlorella pyrenoidosa (Foy and Gerloff, 1972) could 
be trained (i.e. adapted) to tolerate higher concentrations of Cu and Al respectively 
6) Genetic adaptation e.g. strains of Pseudomonas aeroginosa carry plasmids 
conferring resistance to inorganic mercury (Hg), organomercurials (Clark et al., 
1977) and hexavalent chromium (Cr) compounds (Summers and Jacoby, 1978) and 
strains of Staphylococcus aureus possess plasmids conferring resistance to Hg, Cd, 
Zn, Pb, As etc. (Summers and Silver, 1978; Gadd and Griffiths, 1978). 
Exclusion as mediated by the extrapolysaccharide capsule around the cell has also 
been shown to prevent cellular uptake of metals (Mitra ei al., 1975; Bitton and Friehofer, 
1978; Beveridge and Doyle, 1989). The polysaccharide capsule around most species of 
rhizobia is quite thick and provide adequate protection against most metals. Several genera 
of soil microbes are known to produce phytochelatins, which may internally bind metals and 
thus effectively lower activity within the cell. Phytochelatins are low molecular weight, 
cysteine rich peptides and bind specific metals (Higham et al., 1984; Grill et al., 1986). 
The adverse responses of microbes to pollutants include: 
1) Prolongation of the generation time of bacteria 
2) Decreased spore germination 
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3) Mycelial proliferation 
4) Fruiting body formation and spore production by fungi 
5) Decreased nitrogen fixation of blue green algae and lichens 
6) Decreased photosynthetic activity of green algae and lichens 
7) Inactivation of viral infectivity (Babich and Stotzky, 1978). 
Plasmid mediated heavy metal resistance in microbes 
Ecosystems polluted by toxic concentrations of heavy metals are inhabited by 
bacteria which are resistant to one or another or a whole series of metal ions. Many of these 
bacteria carry plasmids (Rosen, 1986; Silver and Misra, 1988; Mergeay, 1991). Moreover, 
it has been reported that the resistance to heavy metals may be plasmid mediated (Reanney, 
1976; Chakrabarty, 1978) or due to chromosomal mutation (Drake, 1974). In Alcaligenes 
eutrophus CH34, metal resistance is determined by two plasmids (Gerstenberg et ai, 1982) 
designated as pMOL 28 (163 Kbp) and pMOL 30 (238 Kbp) determining resistance to 
cadmium, zinc, cobalt, mercury and copper (Mergeay el a/., 1985; Nies el ai, 1987; Nies 
and Silver, 1989; Diels and Mergeay, 1990). In many rhizobial species, the genes coding for 
nodulation (nod) and nitrogen fixation (nif) have been located on a plasmid called symbiotic 
plasmid (Banfalvi et al, 1981; Rosenberg et ai, 1981). Besides the symbiotic functions of 
plasmids, some free living characteristics of the plasmid in Rhizohium species were reported 
such as growth rate, resistance to antibiotics and production of bacteriocin and 
exopolysaccharides. However, it appeared that the characteristics were always distributed 
among different plasmids (Hynes and McGregor, 1990, Brom et al., 1992; Zou et ai, 1997). 
Appearance and proliferation of rhizobial strains more resistant to heavy metals may occur 
through spontaneous mutation or through dissemination of plasmid mediated heavy metal 
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resistance among the strains. Heavy metal resistance may be linked with antibiotic 
resistance. Infact antibiotic-resistant bacteria are often found in sewage sludge bacterial 
communities (Cooke, 1976). 
Antibiotic resistance in microbes 
The use of genetic markers as a means of strain identification was first demonstrated 
under laboratory conditions with mutants that were resistant to high levels of antibiotics 
(Gollobin and Levin, 1974; Levin and Montgomery, 1974; Pankhurst, 1977; Pain, 1979; 
Pugashetti and Wagner, 1980), as well as in auxotrophic mutants (Johnston and Beringer, 
1975). Several workers have used antibiotic resistance successfully to identify rhizobia in 
inoculation studies conducted in the field (Law and Strijdom, 1974; Brockwell et ai, 1977; 
Hagedorn, 1979). However, other reports have indicated that resistance to some antibiotics 
may be associated with reduced symbiotic effectiveness (Schwinghamer, 1964; Bromfield 
and Jones, 1980), decreased ineffectiveness and decreased competitiveness (Zelazna 
Kowalska, 1971). In general, slow growing rhizobial strains are thought to be more resistant 
to antibiotics that inhibit protein synthesis (Kremer and Peterson, 1982). This is true for 
chloramphenicol and tetracycline but not for others. The sensitivities of Azolohacter species 
to chlortetracycline, oxytetracycline, polymyxin, sulfanilamide, penicillin and neomycin are 
variable depending upon the strain. Marques Pinto et al. (1974) differentiated R. meliloti 
strains in nodules from Medicago sativa L. grown under laboratory conditions by using 
levels of natural resistance to kanamycin and streptomycin. This pattern of antibiotic 
resistance is plasmid associated and is commonly found in gram negative bacteria 
(Watenabe,1963). 
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Plasmid curing 
Plasmid curing is defined as the loss of plasmid which can occur either 
spontaneously (Novick, 1969) or under the influence of the physical, (Stadler and Adelberg, 
1972) and chemical agents (Novick, 1969; Stanisich, 1984). The most common curing 
agents are acridine dyes (Hirota, 1956; Hirota and lijiman, 1957), ethidium bromide 
(Bounchaud et a/., 1969; Jones and Sneath, 1970) many mutagens (Hahn and Ciak, 1971; 
Lacey, 1975; Molnar et ai, 1978) and some physical agents like heat (May et al., 1964; 
Stadler and Adelberg, 1972; Jayaratne et al, 1987). Cured strains of/?, legummosarum 
lacked symbiotic properties, however, they showed increased heavy metal resistance 
(Casellae^a/., 1988). 
Objectives of the present study 
Various lock manufacturing and electroplating industries in Aligarh city are point 
sources of pollutants especially heavy metals (Ajmal et al., 1980; Malik, 1994) which enters 
the sewage sludge and agricultural fields and pose a great threat to human life and 
environment (Purves, 1985). The aforementioned literature survey provided a scientific 
background to initiate research project on the heavy metal toxicity in agriculturally 
important microbes and plants with special reference to nitrogen fixers. Therefore, the 
detailed objectives of our study based on the aforementioned literature were as follows. 
(a) Estimation and enumeration of microbial densities viz total bacterial count (TBC), 
total fungal count (TFC), total actinomycetes count, total Azotobacter count (TAC), 
in metal contaminated soil samples obtained from various polluted sites near the 
industrial area of Aligarh. 
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(b) Quantitative determination of heavy metals in metal contaminated soils and 
industrial sewage water samples. 
(c) Evaluation of toxicity of heavy metals to nitrogen fixers viz. Azotobacter 
chroococcum, Rhizobium sp. (Cicer), Bradyrhizobium sp. (Vigna) and their effect on 
plants. 
(d) Incidence of multiple metal resistance, and antibiotic resistance if any, in the tolerant 
isolates of Rhizobium sp. (Cicer).Bradyrhizobium sp.(Vignd) and Azotobacter 
chroococcum. 
(e) Isolation of R plasmids from the tolerant bacterial isolates and curing. 
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Table 1 Sources of selected inorganic soil pollutants (Moore and Ramamoorthy, 1984). 
Chemicals Major uses and sources of soil contamination 
As Pesticides, plant desiccants , animals feed additive, coal and petroleum, 
mine tailings and detergents. 
Cd Electroplating, pigments for plastics and paints, plastic stabilizers and 
batteries. 
Cr Stainless steel, chrome plated metals, pigments and refractory brick 
manufacture. 
Cu Mine tailings, fly ash fertilizers, wind blown copper containing dust. 
Pb Combustion of oil gasoline and coal, iron and steel production. 
Hg Pesticides, catalysts for synthetic polymers, metallurgy, thermometers. 
Ni Combustion of coal, gasoline and oil, alloy manufacture, electroplating, 
batteries. 
Zn Galvanized iron and steel, alloys, batteries, brass, rubber manufacture. 
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Table 2 Cross inoculation groups of Rhizobium (Lakshminarayana and 
Sharma, 1994) 
Rhizobium spp Host 
jR. meliloti 
R. leguminosarum 
biovar viciae 
biovar trifolii 
biovar phaseoli 
Rfredii 
R lupini 
R loti 
R tropici 
Bracfyrhizobium japonicum 
Bradyrhizobium sp. 
Azorhizobium sesbaniae 
Rhizobium sp. NGR234 
Rhizobium (Cowpea) 
Rhizobium (Crown vetch) 
Rhizobium (Galega) 
Melilotus, Medicago, Trigonella 
Pisum, Lens, Vicia, Lathyrus 
Trifolium 
Phaseolus 
Glycine soja, G. max. 
Lupinus omiihopus.Lotus. 
Lotus, Lupinus, Anthyllis, Dorycnium. 
Phaseolus, Leucaena. 
Glycine max, Siratro, Cowpea etc. 
Ornithopus, Vigna, Parasponia 
Sesbania. 
Vigna, Lablab, Glycine, Leucaena, 
Macroptilum, Parasponia. 
Acacia, Arachis, Cajanus, Crotolaria, 
Cystisus, Macroptilum, Vigna. 
Cornonilla, Onobrychis, Leucaena. 
Galega. 
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MATERIALS 
MEDIA 
Ashby's Mannitol Agar (pH 7.0) 
Potassium dihydrogen orthophosphate 0 2 g 
Magnesium sulphate 0 2 g 
Sodium chloride 0 2 g 
Calcium sulphate 0.1 g 
Calcium carbonate 5.0 g 
Mannitol 10.0 g 
Agar 20.0 g 
Double distilled water 1000 ml 
Ashby's Mannitol Broth (pH 7.0) 
Potassium dihydrogen orthophosphate 0.2 g 
Magnesium sulphate 0.2 g 
Sodium chloride 0.2 g 
Calcium sulphate 0.1 g 
Calcium carbonate 5.0 g 
Mannitol 10.0 g 
Double distilled water 1000 ml 
Ashby's Mannitol Broth (pH 7.0) 
(Containing calcium chloride) 
Potassium dihydrogen orthophosphate 0 2 g 
Magnesium sulphate 0 2 g 
Sodium chloride 0 2 g 
Calcium sulphate 0 1 g 
10% solution of calcium chloride 2-3 drops 
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Mannitol 10.0 g 
Double distilled water 1000 ml 
HM Minimal Agar Medium of Cole and Elkan (pH 7.0) 
Disodium hydrogen orthophosphate 0 12 g 
Ammonium chloride 0 32 g 
Magnesium sulphate 0 18 g 
Calcium chloride 0 013 g 
Ferric chloride 0.004 g 
Sodium sulphate 0.25 g 
MES 1 1 g 
HEPES 1.3 g 
Arabinose 1.0 g 
Agar 20.0 g 
Double distilled water 1000 ml 
HM Minimal Broth of Cole and Elkan (pH 7.0) 
Disodium hydrogen orthophosphate 0.12 g 
Ammonium chloride 0 32 g 
Magnesium sulphate 0 18 g 
Calcium chloride 0 013 g 
Ferric chloride 0 004 g 
Sodium sulphate 0 25 g 
MES 1 1 o 
HEPES 13 g 
Arabinose 1 0 g 
Double distilled water 1000 ml 
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Hofer's Alkaline Broth (pH 11.0) 
Dipotassium hydrogen orthophosphate 0.5 g 
Magnesium sulphate 0.2 g 
Sodium chloride O.lg 
Calcium carbonate 0.05 g 
Yeast extract 1.0 g 
Mannitol 10.0 g 
Distilled water 1000 ml 
Kenknight and Munair's Agar (pH 7.0) 
Potassium dihydrogen orthophosphate 0.1 g 
Sodium nitrate 0.1 g 
Potassium chloride 0.1 g 
Magnesium sulphate O.lg 
Dextrose 1.0 g 
Agar 20.0 g 
Distilled water 1000 ml 
Lactose Agar (pH 7.0) 
Dipotassium hydrogen orthophosphate 0.5 g 
Magnesium sulphate 0.2 g 
Sodium chloride 0.1 g 
Calcium carbonate 2.0 g 
Yeast extract 1.0 g 
Lactose 10.0 g 
Distilled water 1000 ml 
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Martin's Rose Bengal Agar (pH 6.0) 
Potassium dihydrogen orthophosphate 
Magnesium sulphate 
Peptone 
Rose bengal 
Dextrose 
Streptomycin 
Agar 
Distilled water 
l.Og 
0.5 g 
5.0 g 
(one part in 30,000 parts of medium) 
10.0 g 
30 mg 
20.0 g 
1000 ml 
1 g of streptomycin sulphate was dissolved in 100 ml of sterile distilled water after 
opening the vial aseptically and 0.3 ml of the streptomycin solution was added to each 
100 ml of the basal rose bengal solution after it was cooled to 45° C. 
Nitrate Broth (pH 7.2) 
Peptone 
Beef extract 
Potassium nitrate 
Distilled water 
Nutrient Broth (pH 7.0) 
Beef extract 
Peptone 
Cysteine 
Distilled water 
5.0 g 
3.0 g 
5.0 g 
1000 ml 
3.0g 
5.0 g 
l.Og 
1000 ml 
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Thointoii's Agar (pH 7.4) 
Asparagin 0.5 g 
Dipotassium phosphate 1 0 g 
Potassium nitrate 0.5 g 
Magnesium sulphate 0.2 g 
Calcium chloride 0.1 g 
Sodium chloride 0.2 g 
Ferric chloride 0.004 g 
Mannitol ^Og 
Agar 20.0 g 
Distilled water 1000 ml 
Yeast Extract Mannitol Agar (pH 7.0) 
Dipotassium hydrogen orthophosphate 0.5 g 
Magnesium sulphate 0.2 g 
Sodium chloride 0.1 g 
Calcium carbonate 2.0 g 
Yeast extract lOg 
Mannitol 10.0 g 
Congo red 0.025 g 
Agar 20.0 g 
Distilled water 1000 ml 
Yeast Extract Mannitol Broth (pH 7.0) 
Dipotassium hydrogen orthophosphate 0.5 g, 
Magnesium sulphate 0.2 g 
Sodium chloride 0.1 g 
Calcium carbonate 2.0 g 
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Yeast extract 1 0 g 
Mannitol 10.0 g 
Distilled water 1000 ml 
Reagents and Buffers 
1. Benedict's Reagent 
(a) Sodium citrate 173.0 g 
Anhydrous sodium carbonate 100.0 g 
Distilled water 66.0 ml 
(b) Crystalline CUSO4 17.3 g 
Distilled water 100.0 ml 
2. Boric Acid Solution 
Boric acid 4% 
3. Crystal Violet 
Crystal violet (85% dye content) 1.0 g 
Distilled water 100.0 ml 
4. Crystal Violet (Hucker's) 
Solution A 
Crystal violet (90% dye content) 2.0 g 
Ethyl alcohol (95%) 20.0 ml 
Solution B 
Ammonium oxalate 0.8 g 
Distilled water 80.0 ml 
5. Decoloriser 
Ethanol (95%) 250 0 ml 
Acetone 250 0 ml 
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6. Electrophoresis Buffer (Tris-acetate TAE pH 8.0) 
Tris (Hydroxymethyl) aminomethane 9.7 g 
EDTA 0.7 g 
Acetic acid (glacial) 2.28 ml 
Distilled water 198.0 ml 
7. Gram's Iodine 
Iodine crystals 1.0 g 
Potassium iodide 2.0 g 
Distilled water 300.0 ml 
8. Hydrogen Peroxide Solution 
Hydrogen peroxide 3% 
9. Hydrogen Chloride Solution 
Hydrogen chloride N/50 
10. Kovac's Reagent 
p-Dimethyl amino benzald 
Amyl alcohol 
Hydrochloric acid (Cone.) 
11 Lysis Buffer (pH 8.0) 
Tris (Hydroxymethyl) i 
Lysozyme 
12. Marker Dye 
Bromophenol blue 
Xylene cyanol FF 
Sucrose 
ehyde 
iminomethane 
5.0 g 
75.0 ml 
25.0 ml 
10 mM 
20 mg/ml 
0 25% 
0 25% 
40% 
13. Mercuric Chloride Solution 
Mercuric chloride 0 1% 
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14. Methyl Red Solution 
Methyl red 
Ethyl alcohol 
Distilled water 
15. Nitrate Test Solution 
Solution A 
Sulfanilic acid 
Acetic acid, 5 N:l 
part glacial acetic acid to 2.5 parts 
distilled water 
Solution B 
Alpha ijaphthylamine 
Acetic acid, 5N 
16. Sodium Hydroxide Solution 
NaOH 
17. Safranin 
Safranin 0 
Ethyl alcohol (95%) 
Distilled water 
18. TES Buffer (pH 8.0) 
Tris (Hydroxymethyl) aminomethane 
EDTA 
Sucrose 
19. TE Buffer (pH 8.0) 
Tris (Hydroxymethyl) aminomethane 
EDTA 
0.1 g 
300.0 ml 
200.0 ml 
8.0 g 
1000.0 ml 
5.0 g 
1000.0 ml 
50% 
0.25 ml 
10.0 ml 
100.0 ml 
25 mM 
25 mM 
0,3 mM 
10 mM 
1 mM 
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20. 
21. 
Sodium Acetate Solution 
Sodium acetate 
Sodium Dodecyl Sulphate Solution 
SDS 
NaOH 
3mM 
1% 
0.25 M 
22. Sodium Hypochlorite Solution 
Sodium hypochlorite 5.25% 
INDICATORS 
Bromo Cresol Green 
Bromo cresol green 
Ethyl alcohol (95%) 
Distilled water 
Bromothymol Blue 
Bromothymol blue 
Ethyl alcohol (95%) 
Congo Red Solution 
Congo red 
Phenolphthalein 
Phenolphthalem 
Ethyl alcohol (95%) 
Distilled water 
0.4 g 
500.0 ml 
500.0 ml 
0.4 g 
500.0 ml 
1% 
l.Og 
50 0 ml 
50.0 ml 
Collection of Samples 
Collection of soil samples A total of eight soil samples were collected from different 
locations in close proximity to an industrial estate located at Aligarh city (Table lA) 
These soils have received metal contaminated industrial effluent for over a decade An 
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additional sample (SS9) was collected from the field which has received no exogenous 
input of metals and served as control. The soil samples were collected in sterilized 
polyethylene containers with the help of sterilized spatula. The samples were kept at 4°C 
for microbiological studies. 
Collection of industrial sewage water samples: The industrial sewage water samples 
were collected from industrial estate in the vicinity of Aligarh city, using sterilized 
polyethylene bottles (Table IB). 
Isolation and Maintenance of Bacterial Cultures 
Isolation o{ Azotobacter: Soil dilution and plate count method of Timonin (1940), was 
used for isolating Azotobacter population in the rhizosphere soil. 0.1 ml sample from the 
flask containing final dilution was poured in sterilized petriplates containing 20-25 ml of 
Ashby's Mannitol Agar medium and was spread on to the medium by means of a sterilized 
glass spreader. The plates were incubated for one week at 30 ± 2°C. 
Isolation of fast (Rltizobium) and slow (liradyrhizohium) growing rhizobia from 
legume root nodules: Legume plants were collected and selected for healthy pinkish root 
nodules. Afler washing the root system of the test leguminous plant in running water, the 
nodules were removed from the roots and surface sterilized in sodium hypochlorite 
solution (5.25%) for 3 minutes and washed with six changes of sterile distilled water to get 
rid of the chemical. The nodules were again surface sterilized with ethanol (95%) for 5 
minutes followed by more washing with sterile distilled water. These were then crushed 
with a sterile glass rod in a small aliquot of sterile normal saline buffer and streaked onto 
Yeast Extract Mannitol Agar medium with congo red to ensure purity. Plates were 
incubated for 2-3 days for fast growing and one week for slow growing rhizobia at 
30+2T 
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Maintenance of bacterial cultures. Once, discrete, well separated colonies developed on 
the surface of a culture plate, they were identified and transferred to separate agar slants 
and stored at 4°C. Every month cultures were transferred over fresh agar slants. Glycerol 
cultures were prepared for long time storage. 
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Table lA Sites from which soil samples were collected 
Test sample 
SSi 
SS2 
SS3 
SS4 
SS5 
SSe 
SS7 
SS8 
Sources 
The soil sample taken from agricultural field I near 
industrial estate, Aligarh 
The soil sample taken from agricultural field II near 
industrial estate, Aligarh 
The soil sample taken from agricultural field III near 
industrial estate, Aligarh 
The soil sample taken from agricultural field near lock 
manufacturing area, Aligarh. 
The soil sample taken from agricultural field near Aligarh 
drain. 
The soil sample taken from agricultural field receiving 
industrial wastes near Grand Trunk Road, Aligarh. 
The soil sample taken from agricultural field receiving lock 
manufacturing wastes near ITI, Aligarh. 
The soil sample taken from agricultural field near Grand 
Trunk Road, Aligarh 
SS9 (Control) The soil sample taken from agricultural field near Aligarh 
city. 
Table IB Sites from which industrial sewage water samples were collected 
Test sample Sources 
HI Industrial sewage water from drain receiving lock 
manufacturing wastes 
H2 Industrial sewage water from drain receiving industrial and 
municipal wastes 
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CHEMICALS 
Chemicals 
Absolute ethanol 
Acetic acid (glacial) 
Acetone 
Agar powder 
Agarose 
Alpha naphthylamine 
Ammonium chloride 
Ammonium oxalate 
Ampicillin 
Arabinose 
Asparagin 
Benedict's reagent 
Boric acid 
Bromocresol green 
Bromophenol blue 
Bromothymoi blue 
Cadmium chloride 
Calcium chloride 
Calcium sulphate 
Calcium carbonate 
Chloramphenicol 
Chromium chloride 
Congo red 
Source 
Hayman, England 
BDH, India 
Qualigens, India 
Qualigens, India 
Sigma, USA 
Sisco Research Lab (SRL), India 
Qualigens, India 
Sisco Research Lab (SRL), India 
Ranbaxy, India 
Hi-Media, India 
CDH, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Hi-Media, India 
Hi-Media, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Ranbaxy, India 
Qualigens, India 
Hi-Media, India 
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Copper chloride 
Crystal violet 
Dextrose 
Dipotassium hydrogen orthophosphate 
EcoRI 
Ethylene diaminetetracetate (EDTA) 
Gentamycin 
HEPES 
Hind III 
Hydrogen peroxide 
Kanamycin 
Lambda DNA 
Lead chloride 
Lysozyme 
Mannitol 
Magnesium sulphate 
MES 
Methyl red 
Nickel chloride 
Nutrient agar 
Phenolphthalein 
Potassium dihydrogen orthophosphate 
Potassium chloride 
Potassium nitrate 
Safranin 
Sodium acetate 
Qualigens, India 
Loba Chemicals, India 
Hi-Media, India 
Qualigens, India 
Sigma, USA 
Sisco Research Lab (SRL), India 
Ranbaxy, India 
Hi-Media, India 
Sigma, USA 
Qualigens, India 
Ranbaxy, India 
Sigma, USA 
Qualigens, India 
Sisco Research Lab (SRL), India 
Qualigens, India 
Merck, India 
Sisco Research Lab (SRL), India 
Hi-Media, India 
Qualigens, India 
Hi-Media, India 
Qualigens, India 
Qualigens, India 
BDH, India 
BDH, India 
Loba Chemicals, India 
BDH, India 
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Sodium chloride 
Sodium dodecyl sulphate (SDS) 
Sodium sulfate 
Sucrose 
Sulphanilic acid 
Tris (Hydroxymethyl) aminomethane 
Urea broth 
Yeast extract 
Zinc chloride 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
CDH, India 
Sigma, USA 
Hi-Media, India 
Hi-Media, India 
Qualigens, India 
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INTRODUCTION 
Heavy metal contamination of agricultural, arable fields by fi-equent applications of 
deposited sewage sludges and industrial effluents can have adverse long term effects on soil 
microorganisms. These heavy metals are being added to the environment from a variety of 
sources including municipal, industrial as well as dredge spoils (Huisingh, 1974; Austins 
etal, 1977; Timoney etal, 1978). 
Effect of heavy metal pollutants on soil microflora depends mostly on : 
1. The amount of industrial effluent containing heavy metal substances which may be 
disposed to sewage and from sewage to soil 
2. The environmental conditions such as temperature, humidity and nutritional status 
Abiotic stress caused by the addition of heavy metals, in inorganic and organic form, 
affects the growth, morphology, and metabolism of microorganisms in soils, tlirough 
fiinctional disturbance, protein denaturation or destruction of the integrity of cell membrane 
as a result of which the heavy metals reduce the size and activity of the microbial biomass 
(Chander and Brookes, 1993). 
Heavy metals change the diversity of the microbial community. Studies have shown 
a decrease in the diversity of aquatic and sediment bacterial conamunities as a result of 
heavy metal pollution (Houba and Remade, 1980; Wassel and Mills, 1983). 
Due to increased industrialization in India, a number of heavy metal emitting 
industries have been set up which aroused concern about the environmental impact of these 
elements, as these metals have been shown to be toxic to both man and animals (Lagerwerff 
and Specht, 1970; W.H.O, 1972). 
Aligarh is a major lock manufacturing city for more than 50 years. During this 
period, large amounts of heavy metals have been emitted from various lock manufacturing 
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and electroplating industries and the emission rate has increased considerably during the last 
two decades (Malik, 1994). These pollutants exert profound effect upon the ecological 
status of the system (Forstner and Wittman, 1979; Vinikour et ai, 1980; Moore and 
Ramamoorthy, 1984) and create problems related to pubUc health. 
The present chapter deals with the quantitative determination of heavy metals and 
soil microflora in the polluted soils in terms of total bacterial, total fungal, total 
actinomycetes and total Azotobacter counts. 
MATERIALS AND METHODS 
Collection of soil samples: The soil samples were collected in sterilized polyethylene 
containers with the help of sterilized spatula. The samples for microbial studies were taken 
at a depth of 15 cm and transferred to the laboratory for microbiological studies. Three 
samples were taken for each replicate and mixed evenly for metal and microbial analysis. 
Collection of Industrial sewage water samples: The industrial sewage water samples 
were collected in sterilized polyethylene bottles. The bottles were soaked in 5% HNO3 (v/v) 
overnight before being rinsed three times with double distilled water. 
Heavy Metal Analysis 
Industrial sewage water samples: 25 ml of industrial sewage water was taken in a conical 
flask. It was digested by nitric: perchloric acid mixture as described in standard methods 
(APHA, 1995). 
Soil samples: 1 gm of soil sample was taken in a teflon beaker. Soil was moistened with 
one or two drops of concentrated H2SO4. To this, 25 ml of HF was added and the beaker was 
covered with the lid. It was then placed on a sand bath for digestion. After 12 hours of 
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digestion, 10 ml of HNO3 and 10 ml of HCIO4 was added for complete digestion. Following 
cooling, it was filtered and the volume was made to 250 ml with double distilled water. 
Atomic Absorption Spectrophotometer (AAS) model Unichem FP 1900 series was 
used for the determination of metals. All chemicals used were of analytical grade and 
solutions were prepared in double distilled water. 
Microbiological Analysis 
Total bacterial, fungal, actinomycetes and Azotobactev counts of the test soil samples 
were determined by the spread plate method. Soil samples were diluted and 0.1 ml aliquot 
of the final dilution was spread onto agar plates with a sterilized glass spreader. The total 
bacterial count was estimated as colony forming units on Thornton's Agar plates afi;er 
mcubation at 30 ±2°C for 2 - 3 days (Troyer et al, 1980). 
For the cultivation of fungi, soil dilution and plate count method was employed 
(Johnson et al, 1959). Media used was the Rose Bengal Agar medium (Martin, 1950). 
Kenknight and Munau '^s Agar medium was used for the estimation of total actinomycetes 
count of the test soil samples. Soil dilution and plate count method of Timonin (1940) was 
used for counting Azotobacter population in the test soil on Ashby's Agar medium. 
The value of the test parameters at each site is the mean of three independent 
experiments carried out on the samples taken at random. 
RESULTS 
Heavy metal analysis of eight different sampling sites by Atomic Absorption 
Spectrophotometer (AAS) is summarized in Table 1. These data indicated that the sampling 
sites were highly polluted with Zn, Pb, Ni, Cu, Cd, and Cr. The concentration of total Zn in 
the soil sample SSI was 112.6 folds higher than that of control. There was considerable 
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difference in the amount of Cd at sampling sites with no Cd detected in the control soil 
sample. The concentrations of Zn and Cu were comparatively higher than other metals in 
this sample. Contrary to this, the level of Cd was found to be lowest in soil samples, SS5 
and SS8 (Table 1). 
As compared with soil sample, industrial sewage water displayed lower 
concentrations of Zn, Pb, Ni, Cu, Cd, Cr (Table 2). Remarkable differences in concentration 
were observed for Cd and Zn as these were the primary metals discharged from the 
industries. 
Soil samples for microbiological studies were collected from the agricultural fields 
located in the close proximity of industrial area receiving industrial effluent for irrigation. 
An additional sample was collected from an agricultural field located at a far off place from 
the industrial area which served as control (SS9). This sample had received no exogenous 
input of metals and was irrigated with tube well water. Significantly lower microbial counts 
were observed in the test soil samples as compared to the control. 
Highest total bacterial count (TBC) was observed in soil sample, SS5 and the lowest 
was found in soil sample, SSI. Reduced number of total fiingal count and total 
actinomycetes was also observed in soil sample SSI. The samples SS5 and SS8 displayed 
the maximum number of fungal colonies. The SSI and SS3 were found to be the most 
deleterious samples for the soil microflora (Table 3 A). 
Soil samples were also collected from the polluted fields for the analysis of total free 
living nitrogen fixers viz. Azotobacter. The total Azotobacter count (TAC) was 2.5 times 
more in the control (SS9) from the sample SS5 which recorded the maximum TAC (Table 
4A). 
Total soil microbial counts were invariably low in polluted soil than the control and 
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the population decreased as the concentration of toxic metals increased which was related to 
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the location of the sampling sites. The polluted samples showed a significant decrease over 
control in the total microbial counts including TAC (Tables 3B-4B). 
DISCUSSION 
The results of soil metal analysis shown in Table 1 indicate that the samples were 
highly contaminated by a variety of heavy metals which are considered to be toxic to 
microbial community (Brookes and McGrath, 1984). The levels of Zn and Cu were found to 
be highest in almost all the sampling sites. This may be due to the presence of large number 
of lock.manufacturing and electroplating industries in the vicinity of the test locations and 
their effluents are rich in toxic metals (Table 2). Higher concentrations of heavy metals 
were observed in soil samples as compared to industrial effluent (Tables 1-2). The levels of 
heavy metals in our study is slightly higher than those reported by Ajmal et al. (1980). It 
may be because of the fact that the concentration of heavy metals in soil varies with time 
(Cajuste et al, 1990). Moreover, it would simply reflect the increasing levels of heavy 
metal accumulation in the soil. 
Heavy metal content in test soils varied with the distance from the industrial area. A 
relatively high concentration of heavy metals present in the soils might be due to the 
application of industrial effluent to soil for irrigation purpose which is the most economical 
option for disposal of waste materials such as industrial effluent and sewage sludge in our 
country. 
The total microbial count was found to be highest in the control as compared to the 
test soil samples. This might be due to toxic effect of metals on the soil microorganisms 
(Tyler, 1981). 
Total microbial density was found to be minimum in the sample, SSI which 
contained relatively high concentrations of Cd. Studies in both laboratory media and soil 
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have shown that as the pH was increased from acidic (e.g. pH5) to the alkaline (pH 8 and 9) 
region, the toxicity of Cd to bacteria and fungi was potentiated, suggesting that CdOH'' 
which was formed at these alkaline pH levels, was more toxic than was divalent Cd^ ^ 
(Babich and Stotzky, 1977a,b). The sample SS5 exhibited the highest microbial density 
(Table 3 A) as this site was not in the close proximity to industrial area. Moreover, the 
concentration of heavy metals at this site was found to be the minimum. This is consistent 
with the fact of toxicity of heavy metals on the microorganisms. 
Inorganic heavy metal pollutants that occur as water soluble salts and hence are 
available for uptake by the microbiota, have been found to exert greater toxicities than water 
insoluble form of the same pollutant. Infact, free divalent Pb*^ ion inhibited growth of 
Aspergillus niger contrary to water insoluble compounds of Pb e.g. PbO, PbS, PbCOa and 
Pb(0H)2 (Zlochevskaya and Rukhadze, 1968). In our study a decrease in total fungal and 
bacterial count was detected in the polluted soil samples from control soil (SS9). The 
decrease in TBC was more (55.8%) than the decline in TFC (40.7%) in SS5. This is 
presumably because the fungi happen to be more tolerant to heavy metals than bacteria 
(Baath, 1989). Zhang et al. (1993) reported that the resistance to heavy metals was in the 
following order i.e. moulds > saccharomycetes > bacteria. Moreover, the enumeration of 
microorganisms on agar media with different concentration of Zn and Pb also revealed that 
microscopic fungi were most resistant to an excess of these metals as compared to bacterial 
population (Niyazova and Letunova, 1983). 
There was a significant decrease in total Azotobacter count in the test samples fi-om 
the non-polluted soil sample (Table 4B). The lowest Azotobacter count found in the sample 
SSI was presumably due to the presence of high concentration of heavy metals as 
Azotobacter and other nitrifiers have been reported to be especially sensitive to heavy metal 
pollution (Pancholy et at., 1975; Maliszewska et at., 1985). Nitrogen fixing potential of 
heterotrophic biological nitrogen fixing microorganisms (BNFs) has been found to be 
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sensitive to small concentration of heavy metals added experimentally or in connection with 
mining (Letunovae/a/., 1985; Skujinse/a/., 1986; Martensson, 1993). 
Nordgren et al. (1986) found that the colony forming units (CPUs) of bacteria 
capable of degrading maltose, arabinose, cellobiose, pectin, xylose, chitin, starch, cellulose 
or xylan \o be a more sensitive indicator of pollution around the mill at Ronnskar compared 
to soil respiration rate or urease and phosphatase activities. 
The number of species and the species diversity of higher fungi are reported to 
decrease in heavy metal polluted soils. Furthermore, the production of sporophores was 
suggested to be one of the most sensitive parameters of the biological effects of heavy metal 
pollution (Baath, 1989). Ruhling (1983) and Ruhling et al (1984) found that the number of 
fiiiit body producing fungi decreased in the vicinity of the Gusum smelter. Interestingly, the 
metal salts have been reported to be effective in reducing disease severity caused by fungi in 
plants treated by soil drench (Perucca et al, 1987). 
On the basis of our findings we conclude that the application of industrial effluent to 
agricultural land requires caution. The variation in microbial population is due to the 
physical and chemical properties of the soil which affect the active metal concentration. The 
decrease in the soil microflora might be attributed to the deleterious effect of heavy metals 
to the growth and survival of microorganisms. 
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Table 1 Concentrations of heavy metals in soil samples treated with 
Industrial sewage water quantitated by Atomic Absorption 
Spectrophotometer 
Soil 
Sample 
Individual heavy metal content (mg/kg) expressed as mean value ± S.D. 
Pb Zn Ni Cr Cu Cd 
551 427.5 + 2.5 10812.5 ±2.5 632.3+2.1 184.5 ±0.5 1467.5 ±2.1 32.0 ±2.0 
552 180.0 ±2.0 5212.3 ±2.5 232.4 ±2.6 70.1 ±2.0 800.0 ±2.5 13.5 ±0.5 
553 240.0 ±2.0 6332.5 ±2.5 570.0 ±2.0 82.0 ±2.5 1450.0 ±2.5 20.7 ±0.8 
554 127.5 ±2.5 3667.5 ±2.5 200.0 ±2.0 49.2 ±2.7 140.5 ±2.5 2.7 ±0.2 
555 68.5 ±2.5 1667.5 ±2.5 88.0 ±2.0 38.5 ±2.5 115.0 ±2.5 1.2 ±0.2 
556 223.0 ±2.0 5997.5 ±2.5 400.0 ±2.0 70.8 ±2.5 1120.0 ±1.5 14.7 ±0.2 
557 180.3 ±2.5 4332.5 ±2.5 150.0 ±2.0 62.0 ±2.0 632.0 ±2.5 12.7 ±0.2 
558 107.5 ±0.5 2917.5 ±0.5 142.5 ±1.2 38.5 ±2.5 160.0 ±2.5 1.5 ±0.4 
SS9 
(control) 30.0 ±2.0 96.0 ±2.0 12.9 ±2.5 15.0 ±2.0 18.6 ±2.1 N.D. 
N.D: Not detected. 
S.D: Standard deviation 
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Table! Concentrations of heavy metals in industrial sewage water 
quantitated by Atomic Absorption Spectrophotometer 
Sample 
HI 
H2 
Individual heavy metal content (mg/1) expressed 
Pb 
109.5 ±3.6 
71.5+2.5 
Zn 
200.0 ± 2.0 
74.3 ±3.0 
Ni 
140.5 ±2.5 
65.4 ±4.5 
Cr 
95.3 ±2.5 
68.0 ±2.0 
as mean value ± S.D. 
Cu 
110.0 ±2.0 
239.3 ±2.5 
Cd 
16.1 ±2.0 
6.6 ±2.5 
S.D: Standard deviation 
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Table 3A Populations of various microorganisms existing in the test soil 
samples obtained from various polluted sites 
Soil sample Total bacterial count Total fungal count Total actinomycetes 
(xlO= CFU/g) (xlO= CFU/g) count 
(xlO^ CFU/g) 
SSI 
SS2 
SS3 
SS4 
SS5 
SS6 
SS7 
SS8 
SS9 (control) 
94.0 ± 5.0 
112.0 ±5.0 
100.0 + 4.0 
160.0 ±3.4 
182.0 ±4.5 
109.0 + 3.6 
151.0±2.6 
173.0 ±2.6 
412.0 ±10.2 
3.7 ±0.6 
5.2 ±2.0 
4.5 ±1.5 
6.4 ±1.5 
8.3 ±2.6 
4.9 + 2.0 
6.0 ±1.1 
7.5 ±2.0 
14.0 ±2.9 
52.2 ±7.2 
82.0 ±7.2 
68.0 ±3.4 
92.0 ±3.4 
97.2 ±5.1 
80.0 ±2.0 
87.0 ±3.6 
94.0 ± 5.2 
151.6±2.7 
±: Standard deviation 
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Table 3B Total microbial count from the test soil samples expressed in terms of 
mean log values (logio CFU/g) 
Soil sample Total Bacteria Total Fungi Total Actinomycetes 
SSI 
SS2 
SS3 
SS4 
SS5 
SS6 
SS7 
SS8 
SS9 (control) 
C D at 5 % 
6.86 
7.03 
6.93 
7.16 
7.26 
7.03 
7.13 
7.23 
7.66 
0.34 
5.55 
5.66 
5.61 
5.78 
5.88 
5.63 
5.76 
5.84 
6.13 
0.24 
6.65 
6.90 
6.72 
6.93 
6.97 
6.80 
6.91 
6.96 
7.13 
0.15 
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Table 4A Azotobacter population enumerated in the test soil samples obtained 
from various polluted sites 
Soil! 
SSI 
SS2 
SS3 
SS4 
SS5 
SS6 
SS7 
SS8 
SS9i 
iample 
(Control) 
Total Azotobacter count 
(x lO^CFU/g) 
4.0 ±1.0 
8.211.3 
6.2 ±2.2 
10.0 ±4.3 
12.0 + 2.6 
7.0 ±2.6 
9.6 + 0.5 
11.2 ±2.2 
30.0 ±7.0 
±: Standard deviation 
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Table 4B. Azotobacter population in the test soil samples expressed in terms of 
mean log values (logio CFU/g) 
Soil sample Total Azotobacter count 
551 2.58 
552 2.89 
553 2.77 
554 2.97 
555 3.07 
556 2.82 
557 2.98 
558 3.02 
559 (Control) 3.45 
CD at 5% 0.19 
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INTRODUCTION 
In industrialized countries, disposal of waste material containing heavy metals 
presents an ever increasing problem. Injudicious applications of industrial effluents and 
sewage sludge to soil give rise to accumulation of heavy metals in the topsoil, adversely 
affectittg plant growth and crop quality. Above certain concentrations and over a narrow 
range, these heavy metals turn into toxin (Babich and Stotzky, 1980). One of the major 
concerns is heavy metal enrichment in edible parts of metal tolerant crops, creating a hazard 
to animal and human health. Therefore, the heavy metals have received much attention, due 
to their potential accumulation in both crops and animals (Levine et al, 1989; Cooke and 
Andrews, 1990). 
Heavy metals adversely affect natural microbial population leading to disruption of 
vital ecological processes (Sterritt and Lester, 1980; Nriagu and Nieboer, 1988). Presently 
microorganisms are being used as potential test systems and bioindicators for the assessment 
of chemical risk to the ecosystem (Bitton and Dutka, 1986). 
The effect of heavy metals on the growth of plants and microorganisms have been 
investigated by several workers (Skujins et al, 1986; Coppola et al, 1988; Lorenz et al, 
1992). Every metal and plant has its own system of interaction, which depends on several 
factors such as type of soil, growth conditions and presence of other ions. 
Due to the relationship between soil productivity and biological nitrogen fixation, 
accurate test methods for inhibitory effects by various chemicals are needed (Skujins et al, 
1986). Nitrogen fixation is one of the most important aspects of microbial processes that are 
sensitive to metal contamination (Coppola et al, 1988). Soil populations of rhizobia have 
also been reported to be sensitive to high concentrations of heavy metals (Giller et al, 1989; 
El Aziz etal, 1991; Bayoumi,1992; Martensson, 1992). The deleterious metal effects on the 
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beneficial soil microbes and processes have been investigated by many workers under 
various experimental conditions (Reddy et al, 1983; McGrath et al, 1988; Chaudry et al, 
1992). 
Agricultural fields near industrial area are used for growing grains, vegetables and 
forage crops irrigated with industrial sewage water from Aligarh city. In the past 5 years 
studies have been carried out in this area to determine the level of contamination of soils 
with heavy metals and its effect on plants (Bansal, 1998). 
This study was initiated to evaluate: 
(1) Whether the heavy metals applied as their chloride salts to soil has any toxic 
effect on symbiotic and free living nitrogen fixers viz Rhizobium sp. (Cicer), 
Bradyrhizobium sp. (Vigna), Azotobacter chroococcum and on their respective 
host plants viz chickpea {Cicer arietinum L.), greengram (Yigna radiata (L.) 
Wilczek) and wheat (Triticum aestivum L.). 
(2) The effects of individual metals, as well as those in combinations on the 
microbes and test crops. 
(3) By this study it was also hoped to gain some insight into possible heavy metal 
uptake by grains. The primary objective of this study was to examine the toxic 
effects of heavy metals on nitrogen fixation by free living and symbiotic 
nitrogen fixing organisms and nitrogen uptake by plants. 
MATERIALS AND METHODS 
Experimental soil: The soil in which the experiments have been conducted was a sandy 
clay loam and had received no exogenous input of metals. The physical and chemical 
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properties of the soil ^ e given in Table 1. The soil was sieved (<2 mm), homogenized and 
the test heavy metals viz. Pb, Zn, Cr, Cu, Ni and Cd were applied as a finely ground powder 
of their soluble chloride salts either separately or in combinations equivalent to normal (I X), 
half (0.5 X) and double (2 X) the concentration found in soil receiving industrial sewage 
water for over a decade (Table 2). 
Pot experiments: A pot experiment was conducted with wheat {Triticum aestivum L.) 
Var. PDW154, chickpea {Cicer arietinum L.) Var. Avarodhi and greengram {Vigna radiata 
(L.) Wilczek) Var. T-44. Four and a half kilogram of soil was taken in each pot for different 
treatments and each treatment was replicated three times. An extra set of pots for all the 
three crops which contained no added heavy metals were also taken which served as control. 
Heavy metals like Pb, Zn, Cr, Cu, Ni and Cd were applied once as soluble chloride salts in 
solution before sowing either separately or in combination. Soils in each pot were then 
brought to 50% of its water holding capacity. Seeds of wheat, chickpea and greengram were 
obtained fi^om Division of Genetics, Indian Agricultural Research Institute (lARI), New 
Delhi, and surface sterilized in 0.1% mercuric chloride solution and washed with six 
changes of sterile distilled water. The carrier based composite strain inoculant of 
Azotobacter chroococcum (1.5 xlO*" cells/g), Rhizobium sp. {Cicer) and Bradyrhizobium sp. 
{Vigna) with 10^  viable cells per gram obtained from the culture collection of the Division of 
Microbiology, Indian Agricultural Research Institute (lARI), New Delhi, was used to treat 
the seeds of wheat, chickpea and greengram (Vincent, 1970) before sowing at the rate of 20 
g per 100 g of seeds approx. The soil was fertilized with 120:60:50 kg/ha of nitrogen, 
phosphorus and potassium (NPK) for wheat and with 20:50:50 kg/ha of nitrogen, 
phosphorus and potassium (NPK) in the form of urea, single superphosphate and potassium 
sulphate for legumes. Treated seeds of chickpea, greengram and wheat were sown in metal 
treated and control pots. Seedlings were thinned to four plants per pot for legumes and to 
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three plants per pot for wheat. Pots were watered as and when required. The pots were 
randomized on alternate weeks to minimize any positional effects. 
Biomass production: All the three test plants viz chickpea, greengram and wheat were 
harvested after 90 days of germination. Roots and shoots were dried at 80°C for 18 hours 
and then weighed separately. Data on nodulation were recorded 90 days after germination. 
The soil was gently washed fi"om the roots and nodules were gently removed from the roots, 
dried and weighed separately. On the basis of the current protocols on phytotoxicity tests 
(Purves, 1985), we evaluated the grade of growth inhibition (GGI) by the comparison of dry 
matter production of metal treated and control plant tissues. 
GGI = [(C-T) / C] X 100 
Where : C and T represent the dry weight of tissues of control (C) and 
treated plants (T) 
Grain yield: Grain yield in all the three crops were recorded at the harvest of the crop (i.e. 
90 days after germination). 
Estimation of available soil nitrogen: The estimation of available soil nitrogen in the 
rhizosphere soil samples of wheat plant treated with heavy metals was done by Kjeldahl 
method (Bremner, 1965) after about four weeks of germination of seeds. 
Estimation of nitrogen in plant parts: At harvest the shoots and foots were dried at 80°C 
for 18 hours, weighed and ground to pass through a 2 mm pore size stainless steel sieve and 
the nitrogen in roots and shoots was determined by the Kjeldahl method (Bremner, 1965). 
Estimation of protein content in grains: At harvest, the grains of chickpea, greengram 
and wheat crops were dried, weighed and ground. The protein content was then determined 
by the Kjeldahl method. 
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Heavy metal uptake by grains: The heavy metal concentrations of the most toxic (Cd) and 
the least toxic (Cr) metals found in this study in the grains of wheat, chickpea and 
greengram were determined in hot concentrated HNO3 digests of the grounded grains. A 
known weight of air dried grounded grain samples was placed in an Erlenmeyer flask and 20 
ml of HNO3 added, placed on a hot plate and digested for two hours until the yellow digest 
was clear of suspended material. The digest was filtered through a Whatman filter paper no. 
42 into a volumetric flask and made to volume with double distilled water. Heavy metals 
were determined by Atomic Absorption Spectrophotometer (AAS) model Unichem FP 1900 
Series. 
Survival of Azotobacter chroococcum in metal treated and untreated soil: Soil dilution 
and plate count method of Timonin (1940) was used for monitoring the survival of 
Azotobacter chroococcum population in the rhizosphere region of wheat crop after about 90 
days of sowing of seeds. The rhizosphere soil sample was serially diluted and 0.1 ml aliquot 
from the final dilution was poured in sterilized petriplates containing 20-25 ml of Ashby's 
Mannitol Agar medium and was spread with a sterilized glass spreader. The plates were 
incubated at 30 ± 2°C for one week, the resulting colonies were identified and scored. 
Statistical analysis: The results were analysed statistically by analysis of variance 
(ANOVA) and critical difference (CD) at 5% level according to standard procedures 
(Chaddha, 1990). For total Azotobacter count (TAC), CD at 5% level was calculated after 
taking the log of each individual value obtained. 
RESULTS 
Toxicity of heavy metals on the growth of plants viz. chickpea {Cicer arietinum L), 
greengram (Vigna radiata (L.) Wilczek) and wheat (Triticum aestivum L.) are presented in 
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Tables 3-5. These data indicate that the metals at all levels tested had an adverse effect on 
the dry matter yield of plants. The higher the concentration of heavy metals in the soil, the 
greater was the toxic effect (Figs. 1-9). Judging from the minimum amounts of individual 
metals added to produce the phytotoxic effect, Cd was the most toxic metal investigated, the 
lowest dose (0.5 X) depressed the dry matter yield of all the test crops studied. Reduction in 
the dry matter yield of legumes particularly in greengram was accompanied by chlorosis 
especially in the treatment having a combination of all the test metals due to nitrogen 
deficiency (Fig. 6). The dry matter reduction following metal treatment was more 
pronounced in case of legumes (chickpea and greengram ) than cereal (wheat). Perusal of 
the data in Tables 6-8 clearly indicates that though Cr appears to be the least toxic metal, it 
also led to substantial loses (>40 %) in dry matter yield of chickpea and greengram at 1 X 
concentration and in wheat at 2 X concentration. Results in Tables 6-8 show that the dry 
weight of shoot of greengram, chickpea and wheat where reduced by 72.5, 81.2 and 63.4% 
by Cd; 67.5, 79.2, 58.5% by Cu; 52.5, <^!o)51.2% by Ni; 40.0, 47.6, 26.3% by Pb; 47.5, 
59.6, 31.7% by Zn; 32.5, 400^ 17.0% by Cr at 0.5 X concentration. Zn appears to be less 
toxic than Cu and Ni inspite of the higher amount of Zn which was used in the study (Table 
2). In particular the development of roots in the presence of test heavy metals was 
significantly inhibited in all the three crops. By comparison, roots of chickpea plants treated 
with Cd at 2 X concentration showed a larger grade of growth inhibition (GGI 95.0) 
followed by greengram (GGI 85.3) and wheat (GGI 81.4). 
In both the leguminous test plants, the dry weight of nodules varied inversely with 
the concentration of metals used (Tables 3-4) with Cd and Cu causing the greater effect. 
Observation of the legume roots after they were washed free of soil showed that the nodules 
were small, white and evenly spread throughout the entire root system following treatment 
with Cd and Cu more so in the case of chickpea than greengram (Fig. 10). Nodulation was 
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invariably observed in both the leguminous crops at all the three concentrations of test heavy 
metals (Figs. 10-15). The number of nodules was usually lower in Cd treatment suggesting 
more toxic effect of Cd to nodule formation (Table 9). Metal treated leguminous plants 
showed a significant reduction in nodule numbers over control indicating a toxic effect of 
metals on rhizobia. Results in table 9 show that the nodule number in chickpea and 
greengram were reduced by 77.0 and 69.6% respectively by Cd at 0.5 X concentration. The 
decrease was highly significant (at the 5% level) for Cd applied in the range of 0.5 - 2 X 
concentration in comparison to the control, however, the reduction was insignificant with 
Cr. Cd treatment resulted in 84.8-91.5 % and 77.7-83.7% reduction in dry weight of 
nodules in chickpea and greengram respectively. Reduction in dry weight of nodules was 
>90% in both the leguminous plants exposed to. all the six test metals at all the three 
concentrations (0.5 X, 1 X, 2 X) but the presence of nodules suggest that rhizobia were 
present though in reduced numbers. A significant decrease in dry weight of nodules by metal 
treatments in chickpea and greengram plants was observed over control at all the three metal 
concentrations. Reduction in grain yield was more severely affected in case of legumes than 
wheat following treatment with metals. The pods in case of chickpea were found to be either 
empty or contained small shrivelled seeds in plants treated with all the test metals. Grain 
size in wheat, chickpea, and greengram was considerably reduced when treated with Cd and 
combination of all metals (Figs. 16-18) . Decrease in the grain yield in case of wheat was 
less than 40 % with Cr. The data presented here imply that crop tolerance to heavy metals 
also varies with plant species. However, there is a definite tendency for wheat to be rather 
more tolerant and chickpea to have a relatively low tolerance. The grain yields of wheat, 
chickpea and greengram were decreased by 83.9%, 89.0% and 88.8% with Cd at 2 X 
concentration. A significant decrease in the grain yield by Cd treatment in all the three test 
crops over control was observed while an insignificant reduction was observed by Cr in 
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greengram and wheat crop. Dry matter yield (root and shoot dry weight) was significantly 
lower in metal treated plants over control. A significant variation (at the 5% level) within 
the treatments was also observed for all the parameters studied. 
The crops exhibited adverse effects following treatment with individual metals 
whereas the combination of two metals resulted in relatively less severe effect though more 
pronounced effect was observed in treatment having all the test metals (Tables 3-5). 
The nitrogen content in shoots and roots decreased in metal treated plants for the 
three crops studied. Data in Tables 10-12 indicate that there was a significant reduction in 
nitrogen (%) in shoots and roots of chickpea, greengram and wheat over control. In all the 
crops the percent nitrogen of shoots and roots varied inversally with the amounts of metals 
added with Cd and Cu causing the greatest effect. The percent nitrogen in shoots of 
greengram, chickpea and wheat was reduced by 64.0%, 73.3% and 46.9% by Cd at 0.5 X 
concentration. The concentration of nitrogen declined more sharply in the shoots than in the 
roots in all the test crops treated with Cd. 
Data in Table 13 reveals that heavy metal treatment under different concentrations 
resulted in decreased protein content in grains with Cr recording the highest protein content 
in grains. Protein content in chickpea grains was below the recommended range except for 
Cr (21.0). Protein content was significantly lower in metal treated grains over control for all 
the test crops taken. Protein content in the greengram grains was within the recommended 
range in plants treated with Pb and Cr at 2 X concentration. Reduction in protein content 
with Cd was more in chickpea than in greengram. 
Results presented in table 14 show that there was 22.3-29.2% reduction in available 
soil nitrogen content in Cd treated soil from the wheat rhizosphere which also exhibited the 
lowest available nitrogen. 27.8-36.1% reduction in the available soil nitrogen content was 
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observed in treatment having a combination of all the heavy metals. The reduction in 
nitrogen content in the soil with metal treatments at all the three concentrations was found to 
be statistically insignificant. 
Effect of heavy metals on the survival of Azotobacter chroococcum cells in the 
rhizosphere of wheat is given in Table ISA. There was complete inhibition oiAzotobacter 
population with the combination of six metals at all the test doses, though the cells were 
present in treatment having Ni+Cr+Cd. A marginal toxicity towards the Azotobacter 
population was observed with Cr while the highest bactericidal effect was obtained with Cd 
present in the soil. Even concentrations equal to half the highest concentration detected in 
contaminated soil, Cd, Cu and Ni significantly inhibited the Azotobacter population (Table 
15B). Although Cr did not exhibit the microbial toxicity at the level, it is usually present in 
the polluted soil, it brought about pronounced reductions in the TAC at 2 X concentrations 
(Table ISA). 
The metals (Cd and Cr) uptake pattern by wheat, chickpea and greengram grains is 
given in Table 16. It was observed that as the concentration of Cd and Cr in the grains 
increases, the yield decreases and the metal accumulation in grains was found to be directly 
proportional to that applied in the soil. In wheat grains, the Cd concentration was lower than 
that in legume grains when the Cd was applied separately whereas the Cd concentration in 
the chickpea grains was greater than the concentration found in the greengram grains. In 
general, the concentration of metals in grains were found to be greater for metals added 
separately than for combined metals (Table 17). The concentration of Cd in crop grains was 
recorded in the following order; 
Chickpea > greengram > wheat 
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DISCUSSION 
Input of heavy metals into soils have been reported to affect microbial population in 
soil as well as the processes mediated by these organisms. Results in Tables 3-5 indicate 
that heavy metals had an adverse effect on the growth and yield of crops viz. chickpea, 
greengram and wheat. The phytotoxic effect of these metal ions have been widely 
established (Huisingh, 1974; Woolhouse, 1983; Leita eiai, 1993). 
Cd was found to be the most toxic metal for both the nitrogen fixers and the test 
crops followed in order by Cu, Ni and Zn. Similar results were reported by Kalyanaraman 
and Sivagurunathan (1993) who showed that phytotoxicity for Cd and Cu was greater than 
that for Zn in blackgram {Vigna mungo L.). BCala et al. (1991) also found the maximum 
phytotoxicity of Cd in case of greengram, blackgram and pigeonpea. Muramoto et al. 
(1990) found reduction in plant growth and yield parameters in wheat and rice following 
treatment with Cd. Moreover, Vijayregan (1993) reported that the decline in root and shoot 
length in blackgram and greengram by nickel treatment exhibited cultivar specific 
differences, while blackgram cultivars ADT-4 and ADT-5 were highly sensitive to Ni 
treatment as compared to AB-1903 and AST-3, the sensitivity to Ni in greengram cultivars 
was least in AG-2160, intermediate in ADT-2 and ADT-3 and the highest in KM-2. Excess 
Cd causes a number of toxic symptoms in plants e.g. growth retardation, inhibition of 
photosynthesis, ahered stomatal action, water relations, efflux of cations, induction and 
inhibition of enzymes (Prasad, 1995). Biomass loss under Cd and Cu has been reported by 
many workers (Lolkema et al., 1984; Verkleij and Prast, 1989; Ouzounidou et al, 1995). 
It was observed that an increase in the concentration of Cd resulted in significant 
decrease over control in the dry matter and grain yield of plants viz. chickpea, greengram 
and wheat (Tables 3-5). This is in accordance with the findings of Hutchinson (1981) who 
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showed a direct relationship between the heavy metals and phytotoxicity. In general, the 
reduction in the dry weight of roots in all the three test plants was more severe than the dry 
weight of shoots following treatment with heavy metals added separately or in combination. 
This is supported by the findings of Karataglis et al. (1991) who reported that the influence 
of increasing Cu, Zn, Pb, Ni, Cr and Cd in wheat cv. Vergina depressed shoot growth but 
most evident symptoms were on roots. 
In the present study, Cr was found to be the least phytotoxic metal as compared to 
other metals added separately, though a.mild toxicity was invariably observed in all the test 
crops (Tables 6-8). Low levels of phytotoxicity of Cr (III) has been attributed to its 
insolubility under most soil conditions (James and Bartlet, 1984). Cr toxicity observed in 
this study was probably due to the use of relatively high concentration of CrCb since Cr did 
not atTect plant growth unless the concentrations were very large (Smith et al., 1992). 
Mahadeswaraswamy and Thersea (1992) reported some of the biochemical changes induced 
by Cr (III) in the seedlings of Phaseolus nmngo with reference to sugars, phenols, tannins, 
free amino acids and proteins. 
When two heavy metals were added in combination, no apparent toxic effect was 
observed. This is presumably due to the antagonistic etTect of one metal on other. Cd is 
reported to antagonize the inhibitory effect of Zn on the total amount of carbon mineralized 
(Bewley and Stotzky, 1983a). The toxicity of Cd to Aspergillus ntger was reduced by 
increasing the concentration of Zn (Laborey and Lcvollay, 1973). The toxicity of Cd to 
growth of £. coli was reduced by the addition of Pb, Sn, Cr, Fe (Ohta and Udaka, 1977). 
Antagonistic interactions may result from competition between the metals for common sites 
on the surface of the cell, with the more efficient competitor preventing the uptake of the' 
other metal (Babich and Stotzky, 1980). It is clear from this study that the phytotoxicity 
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observed is due to the adverse effect of metals on both the symbiotic and free living nitrogen 
fixers. 
Chickpea - Rhizohiiim system was found to be most sensitive to heavy metals 
resulting in decreased grain and dry matter yield, decreased nitrogen content in plant tissues 
and protein content in grains (Table 13). This is presumably because different species of 
symbiotic nitrogen fixing organisms i.e. slow and fast growing rhizobia vary widely in their 
sensitivity to heavy metal contamination (Borges and Wollum, 1980). The yield decline in 
red clover has been reported due to the toxic effect of metals on rhizobial population in the 
soil (McGrath, 1994; McGrath et al, 1994). Rhizobial inoculation favours better plant 
growth and yield (Guckert el al., 1990) and the increase in plant biomass was usually 
accompanied by increased nitrogen content of vegetative parts and grain in mungbean (Paul, 
1998). 
When considering the overall process of nitrogen fixation in chickpea and 
greengram, the relative inhibitory effects of these metals were in the following order: 
Cd> Cu> Ni> Zn> Pb > Cr 
Our findings are in accordance to those reported by Vesper and Weidensaul (1978) with Cu 
being more toxic in our study. Mcllveen and Cole (1974) ranked the toxic effect of heavy 
metals to nodule formation by red clover in the order Cd > Co > Cu > Zn. 
Insignificant decrease over control was observed in the available soil nitrogen 
content in the rhizosphere soil of wheat following treatment with heavy metals. This is 
presumably due to the addition of nitrogen in soil prior to sowing. A significant decrease 
over control was observed in the number of Azotohacler chroococcum cells following 
treatment with heavy metals. This might be because heavy metal pollution reduces the 
number of both tree living and symbiotic nitrogen fixing organisms (McGrath and Ross, 
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1994). Therefore, Azotobacter could be used for the detection of toxic levels of heavy 
metals and non metals in soil (Liao et ai, 1987). 
Our findings reveal that wheat is less sensitive to heavy metals than legumes (Tables 
6-8). Legumes are considered to be better biomonitors than cereals and other 
monocotyledonous plants for the assessment of soil metal contamination obviously due to 
their higher sensitivity against these toxicants (Kabata et al, 1993). 
Protein content in grains was found to be the most important parameter which was 
affected by the metal pollution. A significant decrease in the protein content was observed 
between different heavy metal treatment in all the three test crops (Table 13). This is in 
accordance with the findings of Salgare and Acharekar (1992) who reported the decline in 
the growth performance as well as in the pigment, carbohydrate and protein content with 
increase in the level of industrial pollution. 
The protein content in leguminous plants viz. chickpea and greengram were below 
the normal range under most of the treatment conditions (Table 13). It is well known that 
heavy metals can act at different sites to inhibit a large number of enzymes having 
functional sulphydryl groups resuhing in the disruption in the pathways of protein synthesis 
(Valee and Ulmer, 1972). Decreased levels of protein content in heavy metal exposed 
tissues have been reported by many workers (Gupta, 1986; Satyakala and Jamil, 1997). 
Relatively strong affmities of heavy metal ions for side chain ligands of protein indicate that 
enzyme and other functional proteins are one of the primary targets of metal toxicity 
(Hamppe/a/., 1976). 
The observations in this study reflect that different heavy metals were found to vary 
in their toxic effect with Cd being the most toxic and Cr the least toxic metal. Although it 
has been demonstrated that heavy metals are harmful to plants and microbes at relatively 
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low concentrations in the soil, particularly in acid soils (Webber, 1972; Hyde et ai, 1979 ), 
the chemical form in which the metals are present also affects their toxicity. The soil of our 
study is a sandy clay loam having a pH 7 7 (Table 1) Relatively more toxicity, on one hand 
may be attributed to the high concentrations of metals used in this study (Chapter III), it 
would also increase due to the inorganic form of metal treatment. Cunningham el al. (1975) 
also demonstrated that yield was more adversely affected by inorganic metal addition than 
the addition of an equivalent amount of metals by sewage sludge which was first 
equilibrated with heavy metals. Addition of metal salts to soil can acidify soil thus 
enhancing metal activity. If sludge borne salts are the source of the metals, chelation and 
binding of the added metals makes the results difficult to interpret. This is supported by 
Babich and Stotzky (1980) who reported that inorganic heavy metal pollutants that occur as 
water soluble salts and hence are available for uptake by the microbiota may exert greater 
toxicities than water insoluble form of the same pollutants. Under more acidic conditions, 
the actual toxicity of many metals appears greater than what would have been predicted 
simply from the degree of metal pollution (Tyler, 1983). A higher toxicity of Pb and Zn on 
nitrification was found in a soil adjusted to pH 7.7 than at the natural pH 6.0 (Bhuiya and 
Cornfield, 1974). No synergistic or antagonistic effects were found between amendments of 
1000 |j.g Cd per gram soil and simulated acid precipitation on soil nitrification (Bewley and 
Stotzky, 1983b) 
Table 16 gives the metal uptake by grains Metal uptake by grains was directly 
proportional to applied heavy metal. Our studies show that the grains of the least sensitive 
wheat plant accumulated less heavy metals than leguminous crops, this is probably due to 
different tolerance mechanism in each species Moreover, Cd content in wheat grains was 
within the permissible limits at 0.5 X concentration The concentration of metals in grains 
was greater in case of metal added separately, than in combination of metals This is in 
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accordance with the findings of Smilde (1981) who demonstrated that the total amounts of 
metals in plant tissues were higher for metals added separately than for combined metals. 
Every organism has a pH optimum, where its growth and other metabolic fijnctions 
are most efficient. Presence of Azotohacter is pH dependent, these are most abundant in 
neutral soils and rarely present in soils of pH less than 6.5 (Brown et al., 1962) It is also 
probable, that an organism challenged with an extreme pH, will be less tolerant to 
toxic substances, than under a pH regime that is close to optimum conditions (Baath, 1989). 
Most of the desirable soil microbiological activities of Azotobacter and nodule forming 
bacteria of legumes are adversely affected as the acidity increases. Therefore, the alkaline 
pH of the test soil made it easier to monitor the effects due to the apparent toxicity of heavy 
metals. Cation exchange capacity (CEC) is dependent upon pH, organic matter and soil 
texture (Brady, 1990). Korcak and Fanning (1985) concluded that low CEC soils were no 
less suitable for receiving sludge than soils of high CEC and therefore suggested that CEC 
should be abandoned in regulating the agricultural use of sewage sludge (Sommer et al., 
1987). 
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Table 1 Physical and chemical properties of the test soil used in this study 
Texturfe Sandy clay loam 
Type Alluvial 
pH 7.7 
Cation exchange capacity (CEC) 11.7 
Water holding capacity (%) 40.6 
Organic matter (%) 0.62 
Organic carbon (%) 0.36 
Available nitrogen (kg/ha) 170 
Anion exchange capacity (AEC) 5J 
Cation exchange capacity (cmol kg") 
Anion exchange capacity (cmol kg") 
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Table 2 Amounts of heavy metals added to the soil at various dose levels 
Heavy metal 
Pb 
Zn 
Cu 
Ni 
Cd 
Cr 
Concentration 
0.5 X 
97.09 
2558.7 
367.7 
150.9 
6.2 
37.23 
of heavy 
at 
I X 
194.18 
5117.4 
735.5 
301.9 
12.4 
74.46 
metals (mg/kg) 
2X 
388.36 
10234.8 
1471.0 
603.8 
24.8 
148.92 
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Table 6 Grade of growth inhibition (GGI) of shoots and roots of metal treated chickpea 
plants 
Heavy metal treatment 
Pb 
Zn 
Ni 
Cu 
Cd . 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
Ni+Cr+Cd+Pb+Zn+Cu 
GGI/pot in shoot at 
0.5X 
47.6 
59.6 
66.0 
79.2 
81.2 
40.0 
58.0 
71.8 
73.8 
83.6 
84.8 
IX 
55.4 
65.8 
71.6 
82.8 
84.6 
51.2 
69.0 
73.8 
77.8 
85.2 
86.8 
2X 
69.2 
75.6 
79.2 
85.2 
88.8 
59.4 
77.6 
79.2 
88.0 
89.6 
93.6 
GGI/pot in root at 
0.5X 
56.1 
70.9 
80.7 
82.1 
85.2 
51.4 
72.1 
76.1 
85.2 
86.4 
86.9 
IX 
71.9 
75.4 
84.7 
89.5 
92.1 
62.3 
76.1 
84.2 
87.8 
90.2 
92.6 
2X 
77.8 
81.9 
88.5 
91.9 
95.0 
77.3 
80.0 
89.7 
91.9 
95.0 
97.3 
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Table 7 Grade of growth inhibition (GGI) of shoots and roots of metal treated 
greengrani plants 
Heavy metal treatment 
Pb 
Zn 
Ni 
Cu 
Cd 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
Ni+Cr+Cd+Pb+Zn+Cu 
GGI/pot in shoot at 
0.5X 
40.0 
47.5 
52.5 
67.5 
72.5 
.32.5 
50.0 
75.0 
70.0 
75.7 
82.2 
IX 
55.0 
59.7 
63.5 
75.0 
77.5 
50.0 
65.0 
77.5 
77.2 
81.5 
86.5 
2X 
60.0 
62.5 
69.0 
76.5 
82.5 
57.5 
75.0 
80.0 
81.5 
84.7 
89.2 
GGI/pot in root at 
0.5X 
42.8 
47.8 
53.5 
64.2 
71.0 
34.6 
52.5 
68.5 
75.0 
77.8 
85.3 
IX 
53.5 
57.1 
67.1 
75.0 
77.8 
46.4 
60.7 
77.5 
80.7 
86.4 
90.3 
2X 
67.8 
70.7 
75.0 
81.7 
85.3 
64.2 
67.8 
80.7 
84.2 
92.5 
94.2 
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Table 8 Grade of growth inhibition (GGI) of shoots and roots of metal treated 
wheat plants 
Heavy metal treatment 
Pb 
Zn 
Ni 
Cu 
Cd 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
Ni+Cr+Cd+Pb+Zn+Cu 
GGI/pot in shoot at 
0.5X 
26.3 
31.7 
51.2 
58.5 
63.4 
17.0 
36.5 
57.5 
63.4 
74.3 
80.4 
IX 
39.0 
48.7 
58.5 
68.2 
73.1 
34.1 
51.2 
65.8 
73.1 
79.5 
81.7 
2X 
56.0 
57.8 
63.4 
75.6 
78.0 
46.0 
57.3 
75.3 
79.0 
84.6 
89.5 
GGI/pot in root at 
0.5X 
29.1 
39.7 
46.1 
55.8 
70.5 
13.8 
39.7 
63.8 
69.1 
75.5 
88.2 
IX 
46.7 
49.7 
52.9 
67.6 
76.4 
39.7 
57.3 
73.2 
75.0 
86.7 
90.8 
2X 
61.7 
73.2 
75.8 
80.0 
81.4 
47.6 
68.2 
75.0 
85.5 
89.7 
94.4 
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Table 10 Concentration of nitrogen (%) in shoots and roots of chickpea plant as 
influenced by different heavy metal treatments 
Heavy metal treat 
Pb 
Zn 
Ni 
Cu 
Cd 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
:ment 
Ni+Cr+Cd+Pb+Zn+Cu 
Control 
Statistical analysis 
CD at 5% 
(F test) 
% N in shoot at various 
concentrations of metal 
treatments 
0.5X 
1.66 
1.60 
1.40 
1.25 
0.80 
1.83 
1.60 
1.55 
1.20 
0.90 
0.66 
-
Sig. 
0.80 
IX 
1.51 
1.47 
1.21 
0.96 
0.62 
1.72 
1.16 
1.30 
1.0 
0.52 
0.42 
3.0 
Sig. 
0.65 
2X 
1.4 
1.32 
0.94 
0.71 
0.42 
1.50 
0.80 
0.88 
0.82 
0.30 
0.32 
-
Sig. 
0.53 
%N in root at various 
concentrations of metal 
treatments 
0.5X 
0.91 
0.82 
0.80 
0.72 
0.61 
1.0 
1.0 
0.50 
0.40 
0.43 
0.3 
-
Sig. 
0.33 
IX 
0.80 
0.73 
0.60 
0.55 
0.53 
0.87 
0.70 
0.40 
0.35 
0.24 
0.17 
1.8 
Sig. 
0.32 
2X 
0.70 
0.60 
0.51 
0.42 
0.43 
0.77 
0.63 
0.36 
0.35 
0.15 
0.13 
-
Sig. 
0.27 
Sig. : Significantly different over control 
Values are mean of three replicates 
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Table 11 Concentration of nitrogen (%) in shoots and roots of greengram plant as 
influenced by different heavy metal treatments 
Heavy metal treat 
Pb 
Zn 
Ni 
Cu 
Cd 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
:ment 
Ni+Cr+Cd+Pb+Zn+Cu 
Control 
Statistical analysis 
CD at 5% 
(F test) 
% N in shoot at various 
concentrations of metal 
0.5X 
171 
1 62 
143 
1 10 
0 90 
1 81 
1 52 
1 20 
10 
0 50 
0 43 
-
Sig 
0 83 
treatments 
IX 
1 52 
1 42 
1 32 
0 82 
0 72 
161 
1 30 
10 
0 72 
0 42 
0 30 
2 5 
Sig 
0 69 
2X 
136 
1 30 
1 20 
0 70 
0 53 
147 
1 15 
0 83 
0 62 
0 33 
O i l 
-
Sig 
0 65 
%N in root at various 
concentrations of metal 
0.5X 
0 80 
0 71 
0 62 
0 55 
051 
0 94 
0 56 
0 36 
0 41 
031 
0 23 
-
Sig 
0 38 
treatments 
IX 
0 76 
0 60 
0 50 
0 40 
0 47 
0 90 
0 44 
0 22 
0 33 
0 19 
0 15 
1 6 
Sig 
0 33 
2X 
0 62 
0 56 
041 
0 35 
0 30 
0 87 
0 34 
016 
0 18 
0 14 
O i l 
-
Sig 
0 33 
Sig Significantly different over control 
Values are mean of three replicates 
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Table 12 Concentration of nitrogen (%) in shoots and roots of wheat plant as 
influenced by different heavy metal treatments 
Heavy metal treat 
Pb 
Zn 
Ni 
Cu 
Cd 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
iment 
Ni+Cr+Cd+Pb+Zn+Cu 
Control 
Statistical analysis 
CD at 5% 
(F test) 
% N in shoot at various 
concentrations of metal 
treatments 
0.5X 
1 84 
1 52 
1 42 
1 34 
1 22 
2 0 
2 0 
1 33 
1 40 
1 0 
0 72 
-
Sig 
0 85 
IX 
1 64 
1 32 
1 20 
1 01 
0 90 
1 86 
1 70 
1 0 
1 20 
1 10 
0 53 
2 30 
Sig 
0 63 
2X 
1 42 
1 20 
0 94 
0 90 
0 72 
1 70 
1 51 
0 92 
0 88 
0 70 
0 33 
-
Sig 
0 50 
%N in root at various 
concentrations of metal 
treatments 
0.5X 
1 50 
1 30 
0 97 
0 90 
0 86 
1 60 
1 10 
0 96 
0 44 
0 42 
0 28 
-
Sig 
0 50 
IX 
1 10 
0 66 
0 53 
0 62 
0 53 
1 40 
091 
0 73 
0 18 
035 
0 20 
1 70 
Sig 
0 37 
2X 
0 62 
0 50 
0 4o 
0 40 
0 35 
10 
0 82 
0 60 
0 15 
0 16 
0 11 
-
Sig 
0 29 
Sig Significantly diffeient over control 
Values are mean of three replicates 
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Table 14 Available soil nitrogen (mg/kg) in the rhizosphere soil of wheat under 
different metal treatments 
Heavy metal 
Pb 
Zn 
Cu 
Cr 
Ni 
Cd 
Cr+Cd 
Ni+Cr 
Ni+Cd 
Ni+Cr+Cd 
Ni+Cr+Cd+Cu+Pb+Zn 
Control 
Statistical analysis (F test) 
Available soil 
0.5X 
95.0±5.0 
94.4±5.1 
91.6+3.6 
96.0±4.0 
, 92.2±1.6 
88.6+6.3 
86.5±3.7 
90.2±1.3 
85.4±1.7 
84.3±2.0 
82.3±2.5 
-
NS 
1 nitrogen at various concentrations of 
heavy metal treatments 
IX 
92.6±2.1 
90.2±1.3 
88.7±6.2 
94.2±2.0 
89.3±5.3 
83.4±3.0 
82.1±1.0 
88.4±6.2 
81.1±2.1 
80.0±2.0 
79.6±2.5 
114 0±6 0 
NS 
2X 
89.3±5.3 
91.012.6 
86.2+3.7 
92.514.3 
86.513.2 
80.713.0 
81.012.0 
80.112.2 
79.111.8 
77.013.0 
72.811.0 
-
NS. 
Values are mean of three replicates 
1 Standard deviation 
N S Not significant 
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Table 15A Influence of heavy metal treatments on the population of Azotobacter 
chroococciim in the rhizosphere of wheat 
Heavy metal 
Pb 
Zn 
Ni 
Cu 
Cd 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
Ni+Cr+Cd+Pb+Zn+Cu 
Control 
TAC (X 10^ 
0.5X 
40.9±6.6 
39.0±8.8 
36.4±3.8 
' 26.7±5.3 
21.315.9 
44.015.3 
35.016.9 
20.413.3 
11.HI.8 
8.512.6 
N.D 
-
CFU/g) at the metal concentrations of 
IX 
28.413.8 
22.213.9 
19.912.8 
16.312.0 
15.213.3 
35.613.7 
19.416.8 
11.014.1 
8.212.1 
5.512.0 
N.D. 
61.017.6 
2X 
20.715.2 
15.313.5 
13.814.7 
12.311.6 
9.212.4 
28.413.3 
11.311.7 
7.013.1 
3.811.7 
2.810.9 
N.D. 
-
Values are mean of three replicates. 
N.D. Not detected 
± Standard deviation 
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Table 15B Influence of heavy metal treatments on the population of Azotobacter 
chroococcum expressed in terms of mean log values (logio CFU/g) 
Heavy metal 
Pb 
Zn 
Ni 
Cu 
Cd 
Cr 
Ni+Cr 
Cr+Cd 
Ni+Cd 
Ni+Cr+Cd 
Ni+Cr+Cd+Pb+Zn+Cu 
Control 
Statistical analysis (F test) 
CD at 5% 
TAG 
0.5X 
3.54 
3.53 
3.40 
3.30 
3.26 
3.56 
3.50 
3.20 
3.0 
2.70 
N.D 
-
Sig 
0.29 
at the metal concentrations of 
IX 
3.40 
3.30 
3.20 
3.16 
3.13 
3.43 
3.20 
3.0 
2.83 
2.66 
ND. 
3.70 
Sig. 
0.23 
2X 
3.16 
3.16 
3.10 
3.04 
2.90 
3.36 
3.0 
2.76 
2.50 
2.36 
N.D 
-
Sig 
0.23 
Sig. Significantly different over control 
N.D Not detected 
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(a-) 
Fig. 1 Chickpea plants grown in pots treated with (a) Cd and (b) Cu 
(a) Pot A Control 
Pot B - D Treated with Cd at 0.5 - 2 X concentration 
(b) Pot A Control 
Pot B - D Treated with Cu at 0.5 - 2 X concentration 
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Fig. 2 Chickpea plants grown in pots treated with Cr 
Pot A Control 
Pot B - D Treated with Cr at 0.5 - 2 X concentration 
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Fig. 3 Chickpea plants grown in pots treated with combination of metals 
(a) Ni + Cd and (b) Pb + Zn + Cu + Ni + Cd + Cr 
(a) Pot A Control 
Pot B - D Treated with Ni + Cd at 0.5 - 2 X concentration 
(b) Pot A Control 
Pot B - D Treated with Pb + Zn + Cu + Ni + Cd + Cr at 0.5 - 2 X 
concentration 
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Ca) 
Cb) 
Fig. 4 Greengram plants grown in pots treated with (a) Cd and (b) Cu 
(a) Pot A Control 
Pot B - D Treated with Cd at 0.5 - 2 X concentration 
(b) Pot A Control 
Pot B - D Treated with Cu at 0.5 - 2 X concentration 
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Fig. 5 Greengram plants grown in pots treated with Cr 
Pot A Control 
Pot B - D Treated with Cr at 0.5 - 2 X concentration 
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Fig. 6 Greengram plants grown in pots treated with combination of metals 
(a) Ni + Cd and (b) Pb + Zn + Cu + Ni + Cd + Cr 
(a) Pot A Control 
Pot B - D Treated with Ni + Cd at 0.5 - 2 X concentration 
(b) Pot A Control 
Pot B - D Treated with Pb + Zn + Cu + Ni + Cd + Cr at 0.5 - 2 X 
concentration 
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(o^) 
Fig. 7 Wheat plants grown in pots treated with (a) Cd and (b) Cu 
(a) Pot A Control 
Pot B - D Treated with Cd at 0.5 - 2 X concentration 
(b) Pot A Control 
Pot B - D Treated with Cu at 0.5 - 2 X concentration 
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Fig. 8 Wheat plants grown in pots treated with Cr 
Pot A Control 
Pot B - D Treated with Cr at 0.5 - 2 X concentration 
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Fig. 9 Wheat plants grown in pots treated with combination of metals 
(a) Ni + Cdand(b) Pb + Zn + Cu + Ni + Cd + Cr 
(a) Pot A Control 
Pot B - D Treated with Ni + Cd at 0.5 - 2 X concentration 
(b) Pot A Control 
Pot B - D Treated with Pb + Zn + Cu + Ni + Cd + Cr at 0.5 - 2 X 
concentration 
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Fig, 10 Root nodulation in chickpea plant treated with (a) Cd and 
(b) Cu 
(a) A Control 
B - D Treated with Cd at 0.5 - 2 X concentration 
(b) A Control 
B - D Treated with Cu at 0.5 - 2 X concentration 
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Fig. 11 Root nodulation in chickpea plant treated with Cr 
A Control 
B - D Treated with Cr at 0.5 - 2 X concentration 
« ^ • ' % \ 
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Fig. 12 Root noduiation in chickpea plant treated with combination of 
metals (a) Ni + Cd and (b) Pb + Zn + Cu + Ni + Cd + Cr 
(a) A Control 
B - D Treated with Ni + Cd at 0.5 - 2 X concentration 
(b) A Control 
B - D Treated with Pb + Zn + Cu + Ni + Cd + Cr at 0.5 - 2 X 
concentration 
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Fig. 13 Root nodulation in greengram plant treated with (a) Cd and 
(b) Cu 
(a) A Control 
B - D Treated with Cd at 0.5 - 2 X concentration 
(b) A Control 
B - D Treated with Cu at 0.5 - 2 X concentration 
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Fig. 14 Root noduiation in greengram plant treated with Cr 
A Control 
B - D Treated with Cr at 0.5 - 2 X concentration 
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AV 
CO-) 
Cb) 
Fig. 15 Root nodulation in greengram plant treated witli combination 
of metals (a) Ni + Cd and (b) Pb + Zn + Cu + Ni + Cd + Cr 
(a) A Control 
B - D Treated with Ni + Cd at 0.5 - 2 X concentration 
(b) A Control 
B - D Treated with Pb + Zn + Cu + Ni + Cd + Cr at 0.5 - 2 X 
concentration 
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LO) 
Fig. 16 Chickpea grains treated with (a) Cd and (b) Combination of 
Pb + Zn + Cu + Ni + Cd + Cr 
(a) 1 Control 
3 Treated with Cd 
(b) 1 Control 
2 Treated with Pb + Zn + Cu + Ni + Cd + Cr 
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Fig. 17 Greengram grains treated with (a) Cd and (b) Combination 
of Pb + Zn + Cu + Ni + Cd + Cr 
(a) 1 Control 
3 Treated with Cd 
(b) 1 Control 
2 Treated with Pb + Zn + Cu + Ni + Cd + Cr 
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Fig. 18 Wheat grains treated with (a) Cd and (b) Combination of 
Pb + Zn + Cu + Ni + Cd + Cr 
(a) 1 Control 
3 Treated with Cd 
(b) 1 Control 
2 Treated with Pb + Zn + Cu + Ni + Cd + Cr 
Meoit^ Metal and (IntiiMic 
Jteabtance in ^enepciai 
SiacteHia: Jdolatian of 
310*ia6midi> and Cwdn^ 
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INTRODUCTION 
The effects of heavy metals on the microbial ecosystem are typically described in 
terms of the toxicity of metals to microorganisms (Gadd, 1992) and their impact on the 
microbial community and function (Dean-Ross, 1991). The requirement for Zn, Ni, Cu and 
other heavy metal ions is generally at trace levels. However, above certain concentrations 
and over a narrow range their status can change from an essential growth promoting element 
to a toxin (Babich and Stotzky, 1980; Babich and Stotzky, 1982; Babich et ai, 1982). 
Metal tolerance among soil microorganisms has been extensively studied (Silver and 
Misra, 1988; Dean-Ross and Mills, 1989) to determine the general tolerance levels of 
heterotrophic populations to one or more metals (Albright and Wilson, 1972; Bitton and 
Friehofer, 1978). High level resistance to Zn, Co and Cd has been well studied in 
Klebsiella spp (Brynhildsen and Rosswall, 1989) and Alcaligenes eutrophus (Nies and 
Silver, 1989; Diels and Mergeay, 1990). Kinkle et al. (1987) studied two genera of soybean 
nodulating rhizobia for levels of resistance to eight different heavy metals and found marked 
differences in levels of resistance to several metals even for different rhizobial strains within 
a single species group. 
The use of genetic markers as a means of strain identification was first demonstrated 
under laboratory conditions with mutants that were resistant to high levels of antibiotics 
(Gollobin and Levin, 1974; Levin and Montgomery, 1974; Pain, 1979). Rhizobium meliloti 
strains in nodules from medicago sativa L. grown under laboratory conditions were 
differentiated by using levels of natural resistance to kanamycin and streptomycin (Marques 
Pinto et al, 1974). Ecosystems polluted by toxic concentrations of heavy metals are 
inhabited by bacteria which are resistant to some or a whole series of metal ions. Many of 
these bacteria carry plasmids (Silver and Misra, 1988; Mergeay, 1991). Microbial 
sensitivity to heavy metals is strain dependent and is greatly influenced by environmental 
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factors. Resistance to heavy metals may be plasmid mediated (Reanney, 1976; Chakrabarty, 
1978) or due to chromosomal mutation (Drake, 1974). The pattern of antibiotic resistance is 
also plasmid associated and is commonly found in gram negative bacteria (Watenabe, 1963). 
Moreover, the metal resistance is usually associated with resistance to single or multiple 
drugs (Hall, 1970; Foster, 1983; Grewal and Tiwari, 1990), phenolic compounds (Pickup 
et al, 1983) and/or pesticides (Don and Pamberton, 1981). 
The objectives of the present study were: 
1. To determine the maximum metal concentration that the Rhizobium sp. (Cicer), 
Bradyrhizobium sp. iVigna) and Azotobacter chroococcum strains isolated from heavy 
metal treated soil can tolerate in artificial media. 
2. To investigate the antibiotic resistance pattern of heavy metal tolerant isolates of 
Rhizobium sp. {Cicer), Bradyrhizobium sp. (Vigna) and Azotobacter chroococcum. 
3. To study the role of plasmids in mediating the antibiotic and metal resistance. 
MATERIALS AND METHODS 
Isolation of slow and fast growing rhizobia from root nodules of legumes: Isolates of 
Rhizobium sp. (Cicer) and Bradyrhizobium sp. (Vigna) were obtained from nodules of chick 
pea {Cicer arietinum L.) and greengram {Vigna radiata (L.) Wilczek) plants grown in pots 
containing a combination of all the test heavy metals (viz. Ni, Cu, Zn, Cd, Cr, Pb) at half 
the concentration (0.5 X) found in the metal contaminated soil, by standard methods 
(Vincent, 1970). Once the typical isolated colonies of rhizobia were obtained, they were 
further streaked on to Yeast Extract Mannitol Agar (YEMA) plates containing bromothymol 
blue as a pH indicator so that acid / alkali production could be monitored. The isolates were 
then further identified by different biochemical tests. 
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Isolation of Azotobacter chroococcum strains: Soil dilution and plate count method of 
Timonin (1940) was employed for the isolation of Azotobacter chroococcum strains. Ten 
gram of rhizosphere soil sample of wheat plant was taken from pots containing a 
combination of three test metals namely Ni, Cr and Cd at double the concentration (2X) 
found in the metal contaminated soil . It was suitably diluted and 0.1 ml of final dilution 
was spread on to the Ashby's Agar medium plates and incubated at 30 ± 2°C for one week. 
The isolated colonies were finally identified by colony morphology, pigment production and 
biochemical tests. 
Determination of heavy metal tolerance to rhizobia: Metal tolerance of Rhizobium sp. 
(Cicer) and Bradyrhizobium sp. (Vigna) was determined on HEPES - MES (HM) [N - 2 -
hydroxyethylpiperazine - N - 2 - ethanesulfonic acid; 2 - (N - morpholino) ethane sulfonic 
acid] Minimal Agar medium of Cole and Elkan (1973). Filter sterilized arabinose was 
added after autoclaving to a final concentration of 0.1%. The pH of the medium was 
adjusted to 7.0 with NaOH. Filter sterilized chloride salts of heavy metals Zn, Pb, Ni, Cu, 
Cr and Cd were added to the sterile and molten medium. Individual isolates were then spot 
inoculated onto each of the metal amended plates with approximately 3 x 1 0 ^ organisms 
with the help of sterile platinum loop. The plates were then kept at 30 ± 2°C for 2 - 3 days 
in case of fast growers and one week for slow growers. Plates ^ere amended with only one 
metal and all the plates were replicated at least three times. The highest concentration of 
each metal that was not inhibitory to the growth of rhizobia was defined as the maximum 
resistance level (MRL). 
Determination of heavy metal tolerance in Azotobacter chroococcum strains: Metal 
tolerance of Azotobacter chroococcum was determined in Ashby's Agar medium. Filter 
sterilized metal solutions of Pb, Zn, Ni, Cu, Cr, Cd were added on to the medium after 
autoclaving. Individual isolates were spot inoculated onto each of the metal amended plates 
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with approximately 3x10^ organisms by sterile platinum loop. The plates were replicated 
three times and kept at 30 ± 2°C for one week. 
Antibiotic resistance pattern of tolerant isolates of Rhizobium sp. (Cicer), 
Bradyrhizobium sp. {Vigna) and Azotobacter chroococcum: Ampicillin, streptomycin 
sulphate, kanamycin sulphate, chloramphenicol and gentamycin were obtained from 
Ranbaxy, India. Stock antibiotic solutions were prepared in distilled water and sterilized by 
millipore filtration (0.45 ^m). Patterns of antibiotic resistance for fast and slow growing 
rhizobia were determined on HM Minimal Agar medium of Cole and Elkan (1973) and on 
Ashby's Agar medium for Azotobacter chroococcum. Solutions of antibiotics were added 
to the lukewarm molten agar medium, mixed thoroughly and poured onto petriplates to give 
final concentrations of 30 and 50 fig/ml for ampicillin, chloramphenicol, kanamycin, 
gentamycin and streptomycin in case of Azotobacter chroococcum and at the final levels of 
10 and 30 ng/ml for the same antibiotics in case of both the fast and slow growing rhizobia. 
Each antibiotic was tested separately and the plates were replicated three times. The 
individual isolates were spot inoculated with approximately 3x10^ organisms with the help 
of inoculating loop. Plates were kept at 30 + 2°C. Results were recorded after 2 - 3 days for 
fast growers and after one week for slow growing rhizobia and Azotobacter chroococcum 
respectively. 
Plasmid screening in Azotobacter chroococcum isolates; Azotobacter chroococcum 
isolated from the rhizosphere region of wheat was subcultured on Ashby's Agar medium in 
which CaCOs was replaced by CaCl2. Cells were harvested by centrifiigation at 10,000 g for 
10 minutes at 4"C The pellet was washed with TES buffer and suspended in 400 \i\ of TES 
buffer The suspension was then transferred to a microfiige tube and kept in ice. Lysozyme 
(100 \i\, 1 mg) was added to the suspension and incubated for 20 minutes with mixing at 2 
minutes interval. Lysis was completed.by the addition of 30 nl SDS (2%). 
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The plasmid was purified by the method of Boominathan and Mahadevan (1988). The 
cell lysate was extracted with phenol: chloroform: isoamyl alcohol (24:24:1) and 
centrifiiged at 10, 000 g for 10 minutes at 4°C. The upper layer was collected ignoring the 
interface and 1/10*** volume of 3 M 'sodium acetate (pH 5.2) and 2 volumes of chilled 
absolute alcohol was added and kept 0/N at 20''C. The pellet was collected by centrifuging 
at 10, 000 for 10 minutes at 4°C. The pellet was then washed with 70% ethanol and air 
dried. Finally the pellet was dissolved in TE buffer and characterized by electrophoresis. 
Isolation of plasmids from Rhizobium sp. {Cicer)'. The mini prep method described by 
Maniatis et al. (1982) was followed for the isolation of plasmid. 
Agarose gel electrophoresis: The isolated plasmids were characterized by agarose gel 
electrophoresis (Maniatis et al, 1982). 20 pi of DNA samples along with bromophenol blue 
dye were loaded on to 0.7% agarose gel submerged in TAE buffer. Electrophoresis was 
performed at 20 mA for 1 - 2 hours. The gel was stained with ethidium bromide (5 ^g / ml) 
for 20 minutes and the fluorescent profile was photographed by UV illumination through 
photodyne UV 300 transilluminator. 
Determination of molecular weight: The molecular weight of the isolated plasmids were 
obtained by comparing their relative mobilities on agarose gel with standard molecular 
markers. The standard curve was drawn by plotting relative mobility vs log of the molecular 
weight of the standard markers. The molecular weight of the unknown plasmids was 
determined by plotting the relative mobility on the standard curve (Ohman, 1988). 
Plasmid curing: Attempts was made to cure the Rhizobium sp. (Cicer) and Azotobacler 
chroococcum isolates of its naturally harbouring R-plasmids, using the ethidium bromide 
(EtBr) Two days old culture of Rhizobium sp. {Cicer) and 7 days old culture of Azotobacter 
chroococcum strains were grown in Yeast Extract Mannitol broth and Ashby's broth in the 
presence of ethidium bromide as the curing agent at concentrations ranging from 0.6 to 160 
no 
fig/ml and incubated at 30 + 2"C for 2-3 days in case of Rhizobium sp. (Cicer) and one 
week for Azotobacter chroococcum. After making the required dilutions, 0.1 ml from the 
final dilution was plated on metal and antibiotic supplemented and plain plates. Extent of 
curing was determined using th? following formula 
N = p-q 
Where: N = number of cured cells 
p = number ofcolonies on the plain plate at a specific 
concentration of curing agent 
q = number ofcolonies on the metal and antibiotic 
supplemented plate at the same concentration of curing agent 
Effect of time on curing: EtBr treated cultures of Azotobacter isolate A5 and Rhizobium 
isolate C7 were incubated for different time intervals ranging from 3 - 7 days for 
Azotobacter chroococcum and 16-72 hours for Rhizobium sp. (Cicer). The concentration 
of EtBr resulting in the significant amount of curing were pre determined. A control tube 
lacking the curing agent was also run simultaneously. Samples were withdrawn at different 
intervals, suitably diluted and plated on plain and supplemented plates. Percent curing was 
calculated at each time interval. 
RESULTS 
Both the fast and slow growing rhizobia isolated from chickpea and greengram 
nodules formed circular, convex, colonies on YEM agar plates containing bromothymol 
blue. After 4 to 5 days the colonies of Rhizobium sp. (Cicer) produced acid ractions (Fig. 1) 
whereas the colonies of Bradyrhizobium sp. (Vigna) produced alkaline reaction (Fig. 2) and 
were therefore, identified as fast and slow growers respectively (Bergey's manual, 1994). 
All the strains of Azotobacter chroococcum produced a non difftisible brown black pigment 
(Fig. 3) on nitrogen free medium. Rigorous characterization of ^.. chroococcum was done 
I l l 
on the basis of biochemical characteristics. The biochemical characteristics of the isolates of 
Rhizobium sp. (Cicef) and Bradyrhizobium sp. (Vigna) are given in Table 1. 
The mean (X) MRL values of metals for Azotobacter chroococcum isolated from 
Ni+Cr+Cd treated soil are given in Table 2. In general, Cd was the most toxic while Cr was 
the least toxic metal examined with the mean MRL value of 46.2 fig/ml and 2698.2 ng/ml 
« 
respectively. The isolates were also found to be resistant to Pb with an MRL average of 
1437.5 ng/ml. 
The mean metal resistance level of Bradyrhizobium sp. (Vigna) and Rhizobium sp. 
(Cicer) are shown in Table 2. Bradyrhizobium sp. (Vigna) isolates were more resistant to 
Cd than Rhizobium sp. (Cicer) isolates. In general, the slow growing rhizobia were more 
tolerant to heavy metals than the fast growing rhizobia. The resistance developed for most 
of the metals in these bacteria was in the following order: 
Azotobacter > Bradyrhizobium > Rhizobium 
Tables 5-6 present the antibiotic resistance pattern of different Rhizobium sp. (Cicer) and 
Bradyrhizobium sp. (Vigna) isolates. Both the fast and slow growing rhizobia were resistant 
to chloramphenicol at a concentration of 30 |ig/ml. All the Bradyrhizobium sp. (Vigna) 
isolates were resistant to ampicillin at levels of 30 ng/ml but Rhizobium sp. (Cicer) 
exhibited weak growth at this concentration. Most of the fast growing rhizobial isolates were 
sensitive to kanamycin at 30 ^g/ml while the slow growing rhizobia exhibited resistance at 
this concentration of the drug. Gentamycin inhibited the growth of both the fast and slow 
growers at the level of 30 |ig/ml. 65% of fast growing rhizobia exhibited uninhibited 
growth in the presence of 10 fig/ml streptomycin. 
75% of Azotobacter chroococcum isolates exhibited vigorous growth at 50 ^g/ml 
concentration of chloramphenicol. Except for few isolates which exhibited weak growth, 
Azotobacter chroococcum strains were usually found to be sensitive to ampicillin at a 
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concentration of 50 |ig/ml. Gentamycin was inhibitory at a concentration of 50 |ag/ml while 
these isolates exhibited weak growth at 30 ng/ml concentration of kanamycin and 
streptomycin (Table 7). 
The resistance to heavy metals and antibiotics may be plasmid mediated or due to 
chromosomal mutation. Agarose gel electrophoretic profiles of plasmid DNA isolated fi^om 
Rhizobium sp. (Cicer) along with the marker DNA is shown in Fig. 4. The plasmid profiles 
oi Azotobacter chroococcum isolated from metal treated soil have been shown in Fig. 5. 
The relative mobility data of R-plasmids on agarose gel along with those of marker DNAs of 
known molecular weight are given in Figs. 6-7. These figures clearly indicate that plasmid 
DNA bands corresponding to approximately 46.7, 40.7 and 10.9 kb in case oi Rhizobium 
and that of 21.8 kb ^oxAzotobacter. 
To ascertain whether the resistance to heavy metals and antibiotic was really 
plasmid mediated, curing experiment was carried out by the most tolerant isolates of 
Rhizobium sp. {Cicer) and Azotobacter chroococcum. Table 8 shows the time course of 
curing with EtBr in Rhizobium sp. {Cicer). 9.3% curing was observed after 16 hours with 
1.25 ng/ml of EtBr. The maximum curing of 60.1% was observed after 72 hours of 
treatment with EtBr (Fig. 8). Table 9 shows the extent of curing in Rhizobium sp. {Cicer). 
Maximum curing of 64.0% was observed at the concentration of 160 ng/ml EtBr (Fig. 9). 
On the other hand 39.3 % curing was observed in Azotobacter chroococcum (isolate A5) 
after 3 days treated with 5 ng/ml of EtBr (Table 10). The maximum (51%) curing was 
observed after 7 days with 5 |ig/ml of EtBr (Fig. 10). 
DISCUSSION 
The mean MRL of different isolates of Rhizobium sp. {Cicer), Bradyrhizobium sp. 
{Vigna) and Azotobacter chroococcum isolated from metal treated soil indicated that they 
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were multiple resistant to heavy metals. Isolates of Bracfyrhizobium sp. {Vigna) were found 
to be more resistant to heavy metals than Rhizobium sp. (Cicer). It has been reported that 
Bracfyrhizobium japonicum strains were more resistant to several heavy metals than several 
strains of Rhizobium sp. (Zhaokun and Sadowsky, 1994). Metal tolerance rankings were 
generally in the sequence reported by Kinkle et al. (1987) for rhizobia with only Cd being 
the most toxic metal in our study followed by Cu. Cd toxicity is believed to be the 
consequence of inactivation and inhibition of certain vital enzymes of living cells (Jacobson 
and Turner, 1980). A distinct difference was observed in the metal sensitivities of fast and 
slow growing rhizobia. This is presumably due to thick polysaccharide capsule around 
bacterial cells, especially around the slow growing bradyrhizobia which is reported to bind 
and sequester the metals, thus preventing uptake into the cell (Beveridge and Doyle, 1989). 
Exclusion of Cd by the polysaccharide capsule has been demonstrated for Klebsiella 
aerogenes (Bitton and Friehofer, 1978) and E. coli (Mitra et al., 1975) as a means of 
protection. Slow growing bradyrhizobia also cause an alkaline reaction within their 
immediate niche, thereby reducing metal solubility and activity of most metals (Alexander, 
1977). Fast growing rhizobia usually reduce the pH of their environment, thereby enhancing 
metal availability and toxicity. The highest mean MRL values except for Zn and Pb were 
observed for Azotobacter chroococcum isolates from metal treated soil containing Ni, Cr 
and Cd. This could be due to the fact that the Azotobacter chroococcum is a free living 
nitrogen fixing organism and is directly influenced by metals present in the soil, and 
therefore, might have developed tolerance towards high concentration of metals. The 
multiple metal resistance possessed by these isolates might be due to the production of 
extracellular polysaccharide. The extracellular polysaccharide from adherent cells of a 
bacterium were found to have Cu^ ^ binding activity (Mittelman and Geesey, 1985). 
Moreover, it was suggested to be a necessary adjunct to the survival of bacterial cells in 
polluted environment (Costerton et a!., 1981). Cr was found to be the least toxic metal for 
114 
all the three organisms studied, this is presumably because the polysaccharide is thought to 
be responsible for binding Cr (III) thus making it non toxic (Aislabie and Loutit, 1986). The 
Azotobacter isolates of our study displayed the high metal tolerance, this is presumably 
because these were isolated after 90 days of inoculation into the metal contaminated soil and 
might have developed the metal resistance during this period. When a significant number of 
isolates are found to survive on media amended with a high, and thus potentially toxic, 
concentration of a metal salt, the environment from which the microorganism have 
originated is judged to be experiencing metal stress (Angle et al., 1992). Several authors 
have also reported that bacterial resistance to heavy metals seems to be directly related to the 
presence of these elements as environmental pollutants (Tymoney et al., 1978; Duxbury and 
Bicknell, 1983; Khesin and Karasyova, 1984). 
The high resistance levels to heavy metals could also be due to production of low 
molecular weight binding proteins such as phytochelatins (Higham et al., 1984; Grill et al., 
1986). Chelation and complexation of metal with the media components and organism 
induced pH changes also can contribute to metal tolerance. Tables 3-4 show the 
concentration of different heavy metals in the test soil and the mean MRL values of the 
isolated strains of fast and slow growing rhizobia and Azotobacter chroococcum. The mean 
MRL values for Cd were found to be greater than the actual concentration of metal in the 
test soil, this is possible because not all the metal in the HM medium would be available to 
affect the isolates growing on the surface. Angle and Chaney (1989) have demonstrated that 
more than 50% of the Cd added as a salt to HM medium was removed from solution. 
Therefore, the MRL as determined on HM medium would, thus be somewhat higher than 
that estimated in soil (El Aziz et al, 1991). Greater mean MRL values of Cr, Pb, Cu, Zn 
and Cd for Azotobacter chroococcum was observed than the actual concentration found in 
the environment from which the microbes were isolated. The organic and inorganic 
components of artificial media have been shown to bind and chelate metals, thereby 
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reducing the biological activity of these metals (Angle et ai, 1992) and thus have been 
found to greatly influence the heavy metal sensitivity of microbes (Calomiuis et ai, 1984). 
Several workers have used antibiotic resistance successfully to identify rhizobia in 
inoculation studies conducted in the field (Law and Strijdom, 1974; Brockwell et al, 1977; 
Kuykendall and Weber, 1978; Hagedorn, 1979). Slow growing Bradyrhizobium sp. (Vigna) 
strains exhibited higher levels of resistance to kanamycin at a concentration of 30 ng/ml. 
This was in accordance with the results observed by Pankhurst (1977) who reported that 
slow growing strains of Lotus rhizobia exhibited higher levels of resistance to tetracycline 
hydrochloride, rifampin and kanamycin sulphate than fast growing strains. In general slow 
growing strains are thought to be more resistant to antibiotics that inhibit protein synthesis 
(Kremer and Peterson, 1982). This is true for chloramphenicol and tetracycline but not for 
others antibiotics. 
Antibiotic resistance pattern of different isolates of Azotobacter chroococcum is 
shown in Table 7. Nearly all the isolates were tolerant to chloramphenicol at a 
concentration of 50 ^lg/ml. Multiple resistance to antibiotics was also exhibited by some 
isolates. Schwinghamer (1967) has described several stains of/?, leguminosarum and R. 
trifolii whose growth was not inhibited by 50 ng/ml polymyxin B, 250 fig/ml 
chloramphenicol or 120 jig/ml axacillin. High levels of intrinsic resistance in different 
strains of various Rhizobium species has also been reported (Josey et al., 1979). The data of 
multiple resistance indicate that this pattern of resistance may be plasmid mediated because 
such type of plasmid associated resistance is commonly found in gram negative bacteria 
(Watenabe, 1963). 
To find out whether these two genetic characteristics i.e. metal and antibiotic 
resistance were controlled by plasmids, the frequency of their loss was ascertained by means 
of a curing agent, ethidium bromide. A significant fi-action of test population of the isolates 
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was found to lose the test resistance markers in the presence of ethidium bromide. Our 
findings are similar to Dogra and Sharma (1985) who reported the loss of R plasmid in 
urdbean (Vigna mungo) employing the some antibiotic resistance markers including 
ampicillin. 
Our findings also revealed that the antibiotic resistance and the heavy metal 
resistance markers are plasmedial characters. This is in accordance with the findings by 
Cooke (1976) who reported that the heavy metal resistance may be linked with antibiotic 
resistance and antibiotic resistant bacteria are often found in sewage sludge bacterial 
communities. Bacterial resistance to trace metals is fi-equently associated with resistance to 
antibiotics (Losi and Frankenberger, 1994). 
We can conclude that the different strains of Azotobacter chroococcum, 
Bradyrhizobium sp. (Vigna) and Rhizobium sp. (Cicer) isolated fi-om the metal treated soil 
after 90 days of inoculation had developed significant amount of resistance against Cr, Zn 
and Pb. Azotobacter being a free living microorganism had developed greater metal 
resistance followed by Bradyrhizobium and Rhizobium. 
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Table 1 Biochemical characteristics of fast (Rhizobium) and slow (Bradyrhizobium) 
growing rhizobia isolated^ from root nodules of chickpea and greengram 
Characteristics 
% of isolates giving positive reaction 
Fast growing Slow growing 
rhizobia rhizobia 
Catalase production 
3-Ketolactose production 
Growth in Hofer's broth 
pH reactions on YEMA 
Acidic 
Alkaline 
HiS production 
100 100 
0 
0 
100 
0 
0 
0 
0 
0 
100 
0 
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Table 2 MRL of metal tolerant isolates of Azotobacter chroococcum, Rhizobium sp. 
(Cicer) and Bradyrhizobium sp. (Vigna) from metal treated soil 
MRL (ng/ml) values of isolates 
Heavy Azotobacter Rhizobium sp. (Cicer) Bradyrhizobium sp. 
metal chroococcum (Vigna) 
Mean MRL range Mean MRL range Mean MRL range 
MRL MRL MRL 
Ni 103.3 75-150 27.5 22.5-45 50.0 40-80 
Cu 99.6 62.5-175 21.2 17.5-35 57.5 37.5-150 
Zn 140.0 79.3-158.7 240.0 162.5-325 471.2 300.2-1200 
Cd 46.2 37.5-75.0 13.6 12.4-22.5 31.5 28.6-50 
Pb 1437.5 750-3000 900.0 437.5-1875 1780.0 937.5-3750 
Cr 2698.2 1500-6250 1962.5 750-3750 2691,2 1500-6250 
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Table 3 Comparative data showing the concentration of individual heavy metals 
added in the test soil and the mean MRL of the tolerant isolates of 
Rhizohium sp. (Cicer) and Bradyrhizobium sp. {Vigna) 
Heavy metals 
Ni 
Cu 
Zn 
Cd 
Pb 
Cr 
Concentration in 
the test soil 
(mg/kg) 
150.9 
367.7 
2558.7 
6.2 
97.1 
37.2 
Mean (X) maximum resistance 
level (ng/ml) 
Rhizohium 
sp. (Cicer) 
11.S 
21.2 
240.0 
13.6 
900.0 
1962.5 
Bradyrhizobium 
sp. (Vigna) 
50.0 
57.5 
471.2 
31.5 
1780.0 
2691.2 
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Table 4 Comparative data showing the concentrations of heavy metals Ni, Cr and 
Cd in the test soil and the mean MRL values of tolerant isolates of 
Azotobacter chroococcum isolated from Ni+Cr+Cd treated soil at 2 X 
concentration 
Heavy metals Concentration in the test Mean MRL (ftg/ml) value of 
soil (mg/kg) Azotobacter chroococcum 
Ni 603.8 103.3 
Cd 24.8 . 46.2 
Cr 148.9 2698.2 
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Table 5 Antibiotic resistance pattern of tolerant isolates of Rhizobium sp. (Cicer) 
Isolate Ampicillin Chloramphenicol Kanamycin Streptomycin Gentamycin 
10* 30 10 30 10 30 10 30 10 30 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
Cll 
C12 
C13 
CM 
C15 
C16 
C17 
C18 
C19 
C20 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
± 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
± 
-
± 
+ 
± 
+ 
-
-
-
+ 
+ 
± 
± 
± 
± 
± 
± 
± 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
± 
+ 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
± 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
± 
+ 
± 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
± 
-
-
-
-
+ 
± 
+ 
± 
+ 
+ 
+ 
+ : Resistant growth ± : Weak growth 
* Concentration of the antibiotic in ^ xg/ml 
Sensitive growth 
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Table 6 Antibiotic resistance pattern of tolerant isolates of Bradyrhizobium sp. (Vigna) 
Isolate AmpiciHin Chloramphenicol Kanamycin Streptomycin Gentamycin 
lO'' 30 10 30 10 30 10 30 10 30 
+ 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Bl l 
B12 
B13 
B14 
B15 
B16 
B17 
B18 
B19 
B20 
B21 
B22 
B23 
B24 
B25 
B26 
B27 
B28 
B29 
B30 
B31 
B32 
B33 
B34 
B35 
B36 
B37 
B38 
; Resistant 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
erow 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
th 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
,+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
d 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
± 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
-
+ 
4-
+ 
± 
+ 
+ 
± 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
+ 
-
-
+ 
-
+ 
-
-
-
-
-
-
-
+ 
+ 
-
-
-
-
+ 
-
-
-
-
+ 
+ 
-
-
-
-
-
-
-
-
-
-
+ 
+ 
+ 
-
-
-
-
+ 
-
-
-
-
-
-
-
+ 
+ 
-
-
-
-
-
-
_ 
. 
-
-
-
-
_ 
-
-
Weak growth : Sensitive growth 
*Concentration of the antibiotic in ng/ml 
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Table 7 Antibiotic resistance pattern of tolerant isolates of Azotobacter chroococcum 
Isolate Ampicillin Chloramphenicol Kanamycin Streptomycin Gentamycin 
30" 50 30 50 30 50 30 50 30 50 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 
A12 
A13 
AM 
A15 
A16 
A17 
A18 
A19 
A20 
-
-
± 
+ 
+ 
± 
-
+ 
+ 
-
-
+ 
+ 
+ 
-
-
-
± 
-
. 
-
-
-
± 
± 
-
-
± 
± 
-
-
± 
± 
± 
-
-
-
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
± 
+ 
+ 
± 
± 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
± 
-
± 
± 
± 
-
± 
± 
± 
+ 
-
-
-
± 
+ 
± 
+ 
± 
± 
± 
+ 
+ 
+ 
± 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ : Resistant growth ± : Weak growth 
* Concentration of the antibiotic in |ig/ml 
Sensitive growth 
Table 8 Effect of time on piasmid curing in Rhizohiunt sp. (Cicer) 
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Amount of EtBr 
added (^g/ml) 
0.625 
1.25 
Control 
0.625 
1.25 
Control 
0.625 
1.25 
Control 
0.625 
1.25 
Control 
Time (h) 
16 
16 
16 
24 
24 
24 
48 
48 
48 
72 
72 
72 
Number of colonies on* 
Plain plate 
100.0 
97.0 
101.0 
114.0 
108.0 
110.0 
210.0 
202.0 
209.0 
227.0 
222.0 
232.0 
Supplemented 
plate 
93.0 
88.0 
98.0 
103.0 
95.0 
107.0 
172.0 
155.0 
206.0 
112.0 
88.5 
228.0 
Pprrent 
curing 
7.0 
9.3 
-
9.6 
12.0 
-
18.1 
23.2 
-
50.6 
60.1 
-
* Values are mean of three replicates 
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Table 9 Effect of different concentrations of EtBr on plasmid curing in Rhizobium 
sp. (Cicer) 
Amount of EtBr added 
(^g/ml) 
40 
80 
160 
Control 
Number of colonies 
Plain plate 
361.0 
326.0 
250.0 
730.0 
on* 
Supplemented 
plate 
312.0 
220.0 
90.0 
702.0 
Percent 
. curing 
13.5 
32.5 
64.0 
-
* Values are mean of three replicates 
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Table 10 Effect of time on plasmid curing in Azotobacter chroococcum 
Amount of EtBr 
added (M-g/mO 
2.5 
5 
Control 
2.5 
5 
Control 
Time (h) 
3 
3 
3 
7 
7 
7 
Number of colonies on* 
Plain plate 
170.0 
165.0 
163.0 
332.0 
329.0 
335.0 
Supplemented 
plate 
110.0 
100.0 
165.0 
191.0 
161.0 
334.0 
Percent 
curing 
35.3 
39.3 
-
42.4 
51.0 
-
* Values are mean of three replicates 
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Fig.l Acidic reaction exhibited by Rhizobium sp., {Cicer) on Yeast Extract 
Mannitol Agar medium containing bromothymol blue. 
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Fig.2 Alkaline reaction exhibited by Bradyrhizobium sp. (Vigna) on Yeast 
Extract Mannitol Agar medium containing bromothymol blue. 
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Fig,3 Colonies of Azotobacter chroococcum showing brown black 
pigmentation on nitrogen free media. 
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cu b c d, S 
Fig. 4 Agarose gel electrophoretic pattern of the plasmid DNA of 
Rhizobium sp. (Cicer) isolates 
Lane a : Rhizobium sp. (Cicer) isolate C2. 
Lane b, d : Riiizobium sp. (Cicer) isolate C7. 
Lane c : Rhizobium sp. (Cicer) isolate C5. 
Lane e : X DNA HindllL 
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C^ b C d ^ 
Fig. 5 Agarose gel electrophoretic pattern of the plasmid DNA of 
Azotobacter chroococcum 
Lane a,b,d,e 
Lane c 
Azotobacter chroococcum isolate A5. 
X DNA digested with Hindlll and EcoRL 
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Fig. 6. Molecular size vs relative mobility plot of the test R plasmid isolated from 
Rhizobium sp. (Cicer) C7, C5 and C2 isolates and lambda DNA digested 
with Hind III 
(•) Lambda DNA digested v^th Hind III 
(A) R plasmid from Rhizobium sp. (Cicer) isolate C2 of approx. 10.9 Kb 
(o) R plasmid from Rhizobium sp. (Cicer) isolate C5 of approx. 40.7 Kb 
(•) R plasmid from Rhizobium sp. (Cicer) isolate C7 of approx. 46.7 Kb 
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Relative Mobility (cm) 
Fig. 7. Molecular size vs relative mobility plot of the test R plasmid isolated from 
Azotobacter chroococcum isolate A5 and lambda DNA digested with EcoRI 
and Hind III 
(•) Lambda DNA digested with EcoRI and Hind III 
(•) R plasmid from Azotobacter chroococcum isolate A5 of approx. 21.8 Kb 
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16 24 32 40 48 56 64 72 80 
Time (h) 
Fig. 8. Effect of treatment with ethidium bromide for various time intervals on plasmid 
curing in Rhizobium sp. (Cicer) C7 isolate 
- • - 0.625 ^g/ml 
- * - 1.25 ^g/ml 
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Q. 
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Ethidium Bromide (^ ig/ml) 
Fig. 9. Plasmid curing and survival of plasmid harbouring Rhizobium sp. (Cicer) C7 
isolate by treatment with ethidium bromide 
—•— Curing 
—•— Survival 
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2 3 4 5 6 
Time (days) 
Fig. 10. Effect of treatment with ethidium bromide for various time intervals on 
plasmid curing in Azotobacter chroococcum isolate A5 
-m- 2.5 ng/ml 
-*— 5 ng/ml 
ehapte^VJ 
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As a result of many industrial and waste disposal operations, our environment is 
becoming more and more contaminated by heavy metals. Toxic effects of pollutants have 
been observed in plants, animals and human life living in close proximity to industrial plant 
out falls and hazardous waste sites (Harrison et ai, 1981). 
In order to achieve self sufficiency in food production, farmers are being encouraged 
to utilize all available land and to irrigate it even with sub standard water. In industrial 
areas, farmers are even constrained to use waste water effluents from various industries 
which may not be suitable for the crops. 
Our data on metal analysis shown in Tables 1 -2 of Chapter III give a clear picture of 
the contamination of industrial sewage water and soils by a variety of heavy metals. The 
level of Zn was found to be highest in all the sampling sites (Table 1, Chapter III). This 
might be due to the strategic position of the area, where a large quantities of metals in the 
industrial effluents are quite likely. 
The total microbial flora including TAC was found to be remarkably low in all the 
soil samples irrigated with industrial sewage water compared with the SS9 which was 
irrigated with the fresh tube well water. Moreover, the decline in the microbial population 
had a direct relationship with heavy metal content of the test soil (Table 1, Chapter VI). 
Our findings are consistent with those of Babich and Stotzky (1980) in which a direct dose 
response relationship was obtained in case of metal pollution and microbial mortality. 
The test heavy metals supplemented to the soil in combinations as well as separately 
have been recorded to exert toxic effects on both the symbiotic and non-symbiotic nitrogen 
fixers as well as on their association with plants (Chapter IV). Although Cr was found to be 
the least toxic metal, it also exhibited a significant level of toxicity presumably due to the 
large concentration of this metal used in this study. 
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The data in tables 3-4 of Chapter IV shows the phytotoxicity in chickpea and 
greengram brought about by the various heavy metals. The phytotoxicity was apparently 
due to the susceptibility of the symbiotic apparatus against toxic doses of heavy metals. 
Moreover, the differences in phytotoxicity could be a reflection of the nature of the two 
microsymbionts i.e. Rhizohium and Bradyrhizobium to cope with the heavy metal stress 
(Borges and Wollum, 1980). These results clearly indicate that heavy metals exert an 
antagonistic influence either on the soil rhizobial population or on the symbiotic association 
between legumes and rhizobia. 
Data on the survival of Azotobacler chroococcum reveals the sensitivity of this free 
living bacterium towards heavy metals (Table 15A, Chapter IV) which is also reflected in 
the significant toxicity in wheat plant (Table 5, Chapter IV). Interestingly the wheat plant 
was found to be rather more tolerant to heavy metals than legumes. These findings are 
consistent with the idea that the plant response to metal pollution of soils is controlled by 
several plant and soil factors (Kabata e( al., 1993). A significant decrease over control was 
observed in the protein contain in grains of the test crops studied (Table 13, Chapter IV). 
This is probably due to heavy metals causing disruption in the pathways of protein synthesis 
(Valee and Ulmer, 1972). 
Metal uptake by grains in terms of Cd and Cr levels was found to be greater in 
metals added separately than in combination of all metals. This is consistent with the 
findings of Smilde (1981) who demonstrated that the total amount of metals in plant tissues 
were higher for metals added separately than for combined metals. In wheat grains, 
concentration of Cd was within the permissible limits at 0.5X concentration but was higher 
in chickpea and greengram grains. Cr concentration in grains was found to be higher than 
the Cd concentration. This is presumably due to the higher concentration of Cr used in the 
study. 
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In the present investigation, different isolates of Azotobacter chroococcum, 
Rhizohiiim sp. (Cicer) and Bradyrhizohium sp. (Vigna) isolated from metal treated soil 
were tested for resistance against six heavy metals and five antibiotics i.e. Pb, Zn, Cd, Cr, 
Cu, Ni and chloramphenicol, ampicillin, kanamycin, streptomycin, and gentamycin 
respectively. Comparatively higher mean MRL values were obtained for Rhizobium sp. 
(Cicer) than those reported by EL Aziz el al. (1991) This is probably because they had 
primarily studied lihizuhiwn meliluti which would differ in its tolerance to heavy metals. 
Moreover, Azotobacter chroococcum in general exhibited a high degree of tolerance towards 
heavy metals followed by isolates oiBradyrhizohium sp. {Vigna) and Rhizobium 5p. {Cicer) 
as is evident from their MilL values (Table 2, Chapter V). This could be due to direct 
exposure oiAzotobacter being a free living rhizosphere microflora contrary to rhizobia well 
protected within the nodules. Antibiotic resistance pattern of different isolates o{ Rhizobium 
sp. {Cicer), Bradyrhizohium sp. {Vigna) and Azotobacter chroococcum also revealed that 
some isolates were resistant to multiple antibiotics. Our findings are consistent with those 
obtained by Josey et al. (1979) who showed high levels of intrinsic antibiotic resistance in 
different strains of various Rhizobium species. 
The test nitrogen fixers displaying high MRL values had been isolated from metal 
treated soil (Chapter V). This correlates well with the exceptionally high levels of these 
metals present in the test soil. It seems from this study that majority of parental cells 
belonging to both the symbiotic and free living nitrogen fixers would not survive in the 
presence of high concentration of heavy metals (Chapter IV), but a few cells would have 
randomly undergone mutations for metal tolerance and were selected in the favourable 
environment (Chapter V). This is consistent with the findings of Olson and Thornton (1982) 
who reported that the bacterial resistance to Cd, Zn and Pb could be quantitatively related to 
the presence of total concentration of these metals. 
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Finally the presence of certain metal and antibiotic resistance markers such as Cd 
and ampicillin on the plasmid were confirmed by curing experiments (Chapter V). These 
findings are similar to those reported by Dogra and Sharma (1985) who found the loss of R-
plasmid in urdbean in terms of conversion of ampicillin resistance to sensitivity in the test 
bacterial cells. 
It is pretty clear from the present study that seed inoculation with nitrogen fixers 
both in the symbiotic and free living systems did not result in appreciable nitrogen fixation 
activity in metal treated soil (Chapter IV) though seed bacterization offers an inexpensive 
means of establishing nitrogen fixation activity (Crush, 1987). Therefore, it should not be 
regarded as a universal solution to heavy metal pollution as innate aspects of soil fertility are 
being impaired irrevocably by metal addition to soil. However, the remediation of the heavy 
metals affected arable fields might be possible by application of tolerant nitrogen fixing 
microbes as biofertilizers. 
It is important to emphasize the role of soil properties of the test system because 
these parameters are instrumental in drastic changes in the mobility and availability of 
metals to the plants (Doelman and Haanstra, 1984). The alkaline pH conditions of the test 
soil (Chapter IV) would made it easier to monitor the actual effects of heavy metals since 
the acidity in itself have been shown to be deleterious to the microbial flora and would thus 
result in the overestimation of the metal toxicity (Tyler, 1983). 
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Table 1 Comparative data showing the total heavy metal contents and total 
microbial count in the test soil samples obtained from various polluted 
sites 
Soil 
sample 
SSI 
SS2 
SS3 
SS4 
SS5 
SS6 
SS7 
SS8 
SS9 
(control) 
Total 
amount 
of heavy 
metals 
(mg/kg) 
13556.3 
6508.3 
8695.2 
4187.4 
1978.7 
7826.0 
5369.5 
3367.5 
72.5 
Amount of 
heavy 
metals in 
m moles/kg 
soil 
450.89 
217.06 
291.82 
138.25 
65.43 
261.65 
178.21 
111.20 
5.33 
Total 
bacteria 
(xlO^ 
CFU/g) 
94.0±5.0 
112.0±5.0 
100.0±4.0 
160.0±3.4 
182.0±4.5 
109.0±3.6 
151.0±2.6 
173.0±2.6 
425.0±10.2 
Total fungi 
(xlO^ 
CFU/g) 
3.7±0.6 
5.2±2.0 
4.5±1.5 
6.4±1.5 
8.3±2.6 
4.9±2.0 
6.0±1.1 
7.5±2.0 
14.0±2.9 
Total 
actinomycetes 
(xlO* CFU/g) 
52.2±7.2 
82.0±7.2 
68.0±3.4 
92.0±3.4 
97.2±5.1 
80.0±2.0 
87.0±3.6 
94.0±5.2 
151.6±12.9 
Total 
Azotobacter 
(xlO^ 
CFU/g) 
4.0±1.0 
8.2±1.3 
6.2±2.2 
10.0±4.3 
12.0±2.6 
7.0±2.6 
9.6±0.5 
11.2±2.2 
30.0±7 0 
• 
± : Standard deviation 
Values are mean of three replicates 
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Summwuf 
Irrigation with wastewaters from various ir\dustries is often the most economical 
option for disposal of industrial wastes in our country. Several industrial wastes, without 
proper treatment, are bound to contain significant amounts of potentially toxic metals. 
There is thus increasing concern about the long term effects of these metals, which can 
persist in the fertile cultivated layer. Unfortunately, however, very little information is 
available regarding the impact of waste water irrigation originating from the industrial 
sources on the beneficial symbiotic/free living soil microbes or plant soil microbe 
associations. Heavy metal uptake and concentration in food chains, especially those 
terminating in human beings are topics of renewed interest, largely due to several instances 
of unexpected human intoxication, as have occurred with mercury and cadmium. 
Aligarh city is famous for lock manufacturing and plating industries. Hundreds of 
small and large scale factories are supposed to spill tremendous amount of heavy metals in 
the form of industrial effluents (Malik and Ahmad, 1995). Such type of pollutants would 
exert profound effect upon the ecological status of the system (Moore and Ramamoorthy, 
1984). 
This work on the toxicity of heavy metals, supplemented in the unpolluted soil in the 
form of soluble chloride salts and in amounts equivalent to those found in the polluted soil, 
was carried out to gain an insight into the hazardous effect of heavy metal pollution on the 
beneficial soil microbes viz. symbiotic and free living nitrogen fixers and their subsequent 
effect on plants. An attempt was also made to overcome the problem of toxicity of heavy 
metals towards these nitrogen fixers by isolating the metal tolerant strains of these bacteria 
with the hope of using them as better substitute of the available biofertilizers to obtain a 
better yield crop under the present circumstances. 
The significant findings of this study are summarized below: 
The Atomic Absorption Spectrophotometeric analysis of the test soil samples 
receiving industrial sewage water revealed significantly higher levels of heavy metals at all 
the test locations as compared to control. SSI was found to be the most polluted sample and 
also displayed the lowest microbial count. A remarkably higher population of Azotobacter 
chroococcum as well as other microbial flora was found in soil sample SS5 which was found 
to be the least polluted sample in terms of heavy metal content. 
These findings are suggestive of the fact that heavy metal pollution would lead to 
microbial loss, and the free living beneficial bacteria like Azotobacter chroococcum would 
also deplete to a significant extent. 
Heavy metal treatment resulted in significant toxicity on symbiotic and fi^ee living 
nitrogen fixers. Moreover, a pronounced reduction in the number and dry weight of nodules 
was observed in the leguminous plants sown in metal treated soil. The phytotoxicity in 
greengram and chickpea in terms of decreased biomass yield and grain yield was also 
recorded. Protein content in grains was found to be significantly lower over control in the 
three test crops studied. Moreover, significant decline in the rhizosphere population of 
Azotobacter chroococcum over control was observed following heavy metal treatment. 
However, there was an insignificant decrease in the available soil nitrogen content. Wheat 
plant was found to be least sensitive to heavy metals followed by greengram and chickpea. 
This finding further supports that legumes would serve as better biomoniters than cereals. 
Interestingly, the least sensitive crop i.e. wheat was also found to accumulate less Cd and Cr 
than in legumes. Cd content in wheat grains at 0.5 X concentration was within the 
permissible limit suggesting thereby a peculiar tolerant mechanism in each plant species. 
These findings clearly indicated that heavy metals are highly toxic towards beneficial 
soil microbes and plants that resuh in decreased nutritive value of crops. It was also found 
that the traces of toxic metals such as Cd could enter the food chain through accumulation in 
grains which when consumed could result in unexpected human intoxication. 
Appreciably higher levels of metal resistance were observed in Azotohacler 
chroococcum, lihizohiiim sp. {Cicer) and Bradyrhizohium sp. (Fifg/za) isolated from metal 
treated soil. The MRL values of Cr, Pb and Cd in both the symbiotic and free living 
nitrogen fixers were found to be greater than the actual concentration found in the 
environment from which these microbes were isolated. The MRL values for the metals 
except Zn and Pb were relatively more in metal tolerant isolates of Azotohacler 
chroococcum followed by Bradyrhizohium sp. (Vigtia) and Rhizohium sp. {Cicer) probably 
because Azolohacter chroococcum being a free living microorganism is directly influenced 
by metal stress. Moreover, these isolates were isolated from soil containing heavy metals 
Ni, Cr and Cd and not containing Zn and Pb. These bacterial isolates were also found to 
possess multiple antibiotic resistance. The presence of these two types of markers viz. 
heavy metal and antibiotic resistance led us to isolate the plasmids from these bacterial 
isolates. Agarose gel electrophoretic analysis confirmed the presence of plasmids in 
Azolohacter chroococcum and Rhizohium sp. (Cicer). The molecular weight of R-plasmids 
in Azotohacler chroococcum was found to be approx. 21.8 Kb whereas in different isolates 
of Rhizohium sp. (Cicer) it was found to be 46.7 Kb, 40.7 Kb and 10.9 Kb (approx.) 
The Rhizohium and Azolohacter isolates exhibited the simultaneous loss of heavy 
metal and antibiotic resistance characters on treatment with ethidium bromide thereby 
strongly suggesting for the curing of plasmid. This experiment also provided a clue for 
these two resistant markers to be plasmidial characters. 
In view of these studies, it is evident that heavy metal contamination of agricultural 
arable fields by frequent applications of deposited industrial effluents can have long term 
adverse effects on soil microorganisms. Hence the industries that generate significant 
amount of toxic wastes should be closely monitored, and efforts should be directed to 
ascertain the extent of industrial contamination and the ability of the treatment plants to 
remove or destroy the toxicants and thus a fool proof method of the removal of toxicant 
must be developed. 
The positive aspect of this problem is the emergence of heavy metal resistance in 
beneficial bacteria to cope up the hazardous effect of heavy metal contamination in soil. 
Such types of isolates from nitrogen fixei'S can be used as biofertilizers of choice under the 
unfavourable environmental conditions brought about by the heavy metal pollution. 
Further research is needed to establish the maximum heavy metal loading for 
agricultural soils which would have no immediate or long term effects on soil 
microorganisms and related biological processes. It is also imperative to provide the best 
alternative in the present scenario. This preliminary investigation is one step towards that 
direction. 
